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PREFACE. 


‘Tae author of 4 new “ Manual of the Diseases of the 
Bye” may be expected, not unreasonably, to justify its 
appearance. I will therefore enumerate some of the 
chief objects which I have kept in view. (1) 1 have 
endesvoured to facilitate the student's progress from his 
knowledge of the normal anatomy and physiology of the 
parts concerned to the consideration of their morbid 
anatomy and pathology. (2) I have elaborated the 
Mescriplion of the fundamental optical and physiological 
principles, the trae apprecintion of which is the only 
sure basis of correct diagnosis and successful treatment. 
(3) L have confined myself for the most part to common 
diseases, only occasionally introducing rarer conditions 
to illustrate particular points of interost or importance. 
(4) L have dezeribed only well-established methods of 
treatment, eliminating all those which are of merely 
hhistorical interest or questionable value. Some of the 
statements and viows expressed may appear undaly 
dogmatic to the trained ophthalmologist, but I regard 
the didactic nature of the book as a sufficient apology 
for this feature. 

Tt will bo noticed that errors of refraction nro treated 
exhaustively from the optical point of view in the early 
portion of the work, as is essential for the skilful use of 
the ophthalmoscope. 1 hold strongly that the medical 

adent should confino his attontion principally to 
cecoal Sams and the commoner ophthalmoseopie 
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conditions. He should familiarise himself with the 
clinical appearances of the former group in the out-patient 
department, and I do not consider it necessary or advis- 
able that these should be illustrated by coloured plates. 
Ophithalmoscopic appearances are so novel:to the beginner 
that much assistance is derived from coloured plates, and 
representations of the principal diseases have therefore 
been included. 

~ Retinoscopy and the correction of errors of refraction 
by spectacles have been deferred toa late stage in the 
course, for only at this stage should they be seriously 
attacked. No student should be allowed to correct refrac- 
tion’ without skilled supervision until he has attended a 
special course upon this subject and has devoted much 
time to it and obtained considerable experience in it. 
Such experience is best obtained at an ophthalmic 
hospital. 

My indebtedness for numerous illustrations is in 
most cases acknowledged in the text. [have to thank 
Mr. Nettleship and Mr. Holmes Spicer for the use of 
blocks from Nettleship’s “ Diseases of the Eye.” IT am 
indebted for the original drawings to Mr. Nettleship for 
Plate III, Fig. 2; Plate IV., Fig. 2: Plate V., Fig. 2; 
Plate VI., Figs. 1 and 2; Plate VIL, Fig. 1; Plate VILL, 
Fig. 2; Plate IX., Fig.1; and for Figs. 97, 99, 109, 125, 
180, 186, 148, 150, 160, 161, 172, 176.177 ; to Mr. Lister 
for Plate 1V., Fig. 1; Plate VIL., Fig. 2; Plate IX., 
Fig. 2, and for Figs. 191, 194; to Mr. Lawford for 
Plate X., Fig. 2, and for Fig. 192; and to Mr. Percy 
Flemming for Plate X., Fig. 1." Iam under a deep obliga- 
tion to my colleague, Mr. Percy Flemming, for looking 
through the manuscript and for many suggestions and 
much kind advice. 

One word in conclusion to the students for whom 
the book has been written. They may be dismayed at 
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the optics which is the foundation of ophthalmology. I 
have treated the subject as simply az possible, and I 
earnestly impress upon them the necessity of mastering 
the essentials which are here presented to them. Thoy 
will then, and only then, be equipped to deal with the 
pathological problems which follow. 

Those who, having studied this manual, wish to pursue 
the subject more deeply should read Fachs's “ Textbook 
of Ophthalmology,” They will find Ophthalmic Opti 
more fully treated in my ‘Elementary Ophthalmic 
Optics” (J. & A. Churchill), Pathology in my “ Pathology 
of the E; 4 vols., Hodder and Stoughton), Treatment 
in Hanke's “ Treatment of Diseases of tho Eyo," trans- 
lated by G. Coats and myself (Hodder & Stoughton). 











J. HERBERT PARSONS. 


Wiepale Street, W 


CONTENT 








SECTIO} 


Axarony aap Parton 








AxATOUY 
SHOLOOY 
ELEMENTARY OTH 
ELEMENTARY MTSIOLOGKCAL OPTICS 
THE SKOOL 











GX GY VISION - 





IECTION It. 


Tae Exnxaticx or tae Evy 


EXTERNAL EXAMINATION 
OPATHALMOSCOPIC: EXAMINATRON 
HE FOXDUY ovULt 

FUNCTIONAL EXAMINATION . 





SECTION IIL 
Deseaxes oy tax Eye 


DiRANES OF 
nINEASeS OF 


saexertvs 






ORNKA 











DIMusms OF LKMOTIC 
DISKASES OF THY DIIS AXD CILLALY DORY 
eLiveows 

THE LENE 

OKABE OF THR VETIEOUS 

DISRAKEN GF THE CHOROLD AND KETTXA 
PISRANES OF TIT OFTIC NERTT ‘ 
ISTHA-OCULAN TUXOURS 

AYMPTOMATIO DINTEMRANCHS OF VesION 


INJURIES TO THE KR, FANOPeTMALrTS, AxD 


THETIC OPMT BALES 
OFEEATIONS CFON TaN KY KRALL 





aver 


a 
M4 
145 
154 











aes 








PRELINN sy test rere a 
BEQUENANS 








DISPEX 





st 
oH 


me 


aS 








DISEASES OF THE EYE. 





SECTION I. 


ANATOMY AND PHYSIOLOGY. 





CHAPTER L 
AMATONY. 


‘Tue sensory nerves of the body are provided with end 
organs, by means of which they receive specific physical 
stimuli and transform them into nerve impulses. The 
nerves of the special senses are no exceptions fo the rule, 
and tho eye is the highly differentiated and complex end 
‘argan of the sense of sight. 

The wall of the globe is composed of a dense, elastic 
supporting membrane (Fig. 1). The anterior part of the 
membrane is transparent—the cornea; the remainder is 
opaque—the sclerotic. ‘The anterior part of the eclerotic 
is covered by mucous membrane—the conjunctiva— 
which is reflected from its surface on to the lids. 

The cornea consists of three layers: the epitheliam, 
the sulstantin propria, and Descemet’s membrane. The 

which is stratified, may be regarded as the 
‘Sontinuntion of the conjuntiva over the cornea proper. 
Kt lies fron a homogeneous lamina of the substantia 
os 1 
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propria, ealled Bowman’s membrane. The substantia 
propris may be regarded as the continuation forwards of 
the sclerotic. Descemet’s membrane is a thin elastic 
membrane, eovered on its posterior surface by endo- 
thelium : it may be regarded as the continuation forwanis 





of the uveal tract. We shall see that the relationship 
of the throo layers is of some pathological import 
ance, for when as is often the case the cornea suffers 
secondarily to some conjunctival complaint the epi- 
thelium and superficial layers are most Likely to be 
affected; similarly, in diseases of the sclerotic the 
substantia propria suffers most, and in disoases, of the 
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tveal tract the endothelium, Deseemet’s membrane, and 
the adjoining posterior layors of the substantia propria. 
The is set into the selorotic like a watch glass, 
ie. the selorotic overlaps the cornea all round the 
periphery. The cornea is very richly supplied with 
nerve fibres derived from the trigeminal. It has no 
flood vessels with the exception of minute festoons, 
bout 1 mm. broad, at the periphery; the cornea is 
therefore dependent for its nourishment upon diffusion 
of lymph, which is supplied from the conjunctival 


» which 
vessels. 

‘Lining the sclerotic are two membranes: an outer, 
haghly vascular, concerned chictly in the nutrition of 
the comprising the greater part of the uveal 
wad on inner, norvous, the true visual nerve 

in reception and transformation 

i, led the rotina. 
‘The nveal tract consists of three parts, of which the 
choroid and ciliary body, line the 
anterior forms a free cireular dia- 
The plane of the iris is approxi- 
+ the aperture of the diaphragm is the 
behind the iris and in contact with the 
fin is the crystalline lens. 



















by the and the part of the anterior surface 
which is exposed in the pupil. Since the 


boundaries of the anterior chamber at the part 
known as the angle of the anterior chamber 
| In the inner layers of the sclerotic at this part 
hetwork of venous spaces which is called the 
Schlemm. At the periphery, just unterior to 
‘of Schlemm, Deseemet’s membrane splits up 
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chamber and the venous plexus, a thin membrane, 
‘on @ach surface by endothelium, being inter- 
|. We shall see that a thorough knowledge of the 
of angle of the anterior chamber is essential 
proper understanding of several pathological 
especially that of glaucoma. 
anterior chamber is about 25 mm. deep in the 
in the normal adult: it is shallower in very young 
children and alzo in old people. 
Petes uveal tract, a8 already mentioned, consists of 
iris, the ciliary body, and the choroid, from before 
backwards, 












‘The iris is composed of a pigmented stroma, consigting 
Of branched connective tixsue cells and containing a rich 
Seapyply of blood vessels which run in a nulial direction. 
‘Tike stroma is covered on its posterior surface by two 
teres of pigmented epithelium, which properly belong 
‘© the retina and are therefore called the pars iridica 
Eine, or pors retinalis iridis. The anterior layer consists 
of Faitened celle, which are very firmly attached to the 
Serams, the posterior of cubical cells, not so firmly 
Sétached to the anterior layer. Near the pupillary margiu 
aud concentric with it is a bundle of unstriped muscle 
Ghee, the sphincter iridis. There is also a set of cells, 
“gna the radial direction, which nets as a dilatator 



















| Tho anterior surfico of the iris ix covered with a single 
‘Wer of endothelium, except at some minute depressions 
hed which are found most at the ciliary border. 
tymph spaces between the stroma cells com- 
directly with the anterior chamber: this is 
ly @ device for ensuring rapid transference of 
rom the iris to the anterior chamber and cice 
‘af to facilitate quick movements of the pupil 
‘to variations in the intensity of the light 
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falling upon the ese. The iris is thinnest at its attach- 
ment to the ciliary baly. so that if tera it tends to give 
way here. 

The iris is rietly supplied by sensory nerve fibres 
derived from the trigemixal. a fact which it is Important 
to rememter. sinee iouchinz or eatting the iris especially 
if it is inflamed. is iniensely painful The sphineter 
iridis is supplied by motor nerve Hbres derived from the 








coal seas 26 te ecaary body. 


ecigce ue oenea at sven by the 
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fibres, and an inner, consisting of fibres ranning at right 
angles to the former, and therefore arranged in a circle 
eoneentrie with the base of the iris, The meridional 
fibres can be traced far back, well into the choroid, 
whereas the circular fibres are confined to the anterior 
part. 

‘If an eye is cut in half in an antero-posterior direction 
and the inner surface of the ciliary body is inspocted, it 
will be noticed that the anterior part has a number of 
folds upon it, whilst the posterior part is smooth. ‘The 
anterior part is, therefore, called the pars plicata, the 
posterior, the pars plana. If tho plications are counted 
with the naked eye or under slight magnification, it will 
te found that there are about seventy in tho whole 
cireumforence. If microscopical sections are examined, 
innumerable smaller plications and processes, the ciliary 

will be seen upon the pars plicala. These 
no part of the ciliary muscle, but consist 

of tufts of blood vessels, not unlike the 
i of the kidney. They are covered upon the 
surface by two layers of epithelium, which belong 
properly to tho retina, and are hence called the pars 
ciliaris rotinw. As in the pars iridiea retinw, the outer 
Inyer, corresponding with the anterior in the iris, consists 
of flattened cells, the inner of cubical cells, but unlike 
what obtains in the iris, they are not both pigmented, 
outer layer. 
"The ciliary body extends backwards as far as the 
ora serrata, at which point the retina proper begins 
muptly; the transition from ciliary body to choroid, 
“on the other hand, is gradual, though this line is 
veerrien tl accepted as the limit of the two structures. 
rata is slightly more anterior on the nasal 
side, 
body is richly supplied with sensory nerve 
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fibres derived from the trigeminal. so that great pain 
results from injury or acute inflammation. The ciliary 
muscle is supplied with motor fibres from the oculomotor 
nerve. 

The choroid is an extremely vascular membrane in 
contact everywhere with the sclerotic, though not firmly 
adherent to it, so that there is a potential space between 
the two struc- 
tures, which 
acts asa lymph 
space (Fig. 4). 
On the inner 
side, the cho- 
roid is covered 
by a thin elas- 
tic membrane, 
the lamina 
vitrea, or mem- 
brane of Bruch. 

bre layer : 2. ganglion The blood ves- 
crs Senter ticular lager" 6ex-_8el8 of the oho- 
- roid increase in 
size from with- 
in outwards, 
so that imme- 
diately beneath 
the membrane of Bruch there is a capillary plexus, 
the choriocapillaris, Following upon this is the layer 
of medium sized vessels, whilst most external are 
the large vessels. The vessels are held together 
by a stroma consisting of branched pigmented con- 
nective tissue cells. It is easy to remember that the 
capillaries are innermost, because one of the chief func- 


tions of the choroid js 
st : layers of 
the retina, ‘0 nourish the outer ley 
















membran¢ 1, nerve fi 
cell layer 
nuclear 1a 


of medium 
of large vesels or Haller's layer. 
with 12, lamina fusca on its inner surfac 
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‘The choroid is supplied with sensory nerve fibres from 










the trigeminal. 
The retina proper corresponds in extent with the 
choroid, which it lines. As already mentioned, however, 
api as shown by ombryological research, it is continued 
forwards as a double layer of epithelium as far as the 
edgo of the pupil. If the two layers of epithelium are 
traced backwards, the anterior layer in the iris is found 
to be continuous with the outer layer in the ciliary body, 
and this again is continued into the hexagonal pigment 
epithelium, which covers the membrane of Brach. 
Similarly, the posterior Inyor in tho iris, although 
j Piguiented, passes into the inner unpigmented layer of 
the ciliary body, and this suddenly changes at the ora 
swrrain into the highly complex retina proper. 
‘The retina proper consists ofa number of layers. Most 
ternal, in contact with the pigment epithelium, is a neural 
‘qithelinm, the rods and cones (Fig. 4). Following this, 
ihorder from without inwards, are the outer nuclear, the 
ler reticular, the inner nuclear, the inner reticular, the 
‘Binglion cell, and the nerve fibre layers. ‘hose special 
‘Seryous constituents are bound together by neuroglia, the 
tettr developed vertical strands being called the fibres 
W Miller. The interlacement of neuroglial fibrils on 
evater side form a sort of membrane which acts as a 
‘membrane for the rods and cones, the outer 
Gtiting membrane. Similarly on the inner side the 
‘Wee of Moler’s bres spread out and form an inner 
‘membrane upou the inner surface of the nerve 
Here the retina is in contact with the 
which also has an extremely delicate bounding 
6, the hyaloid mombrano; this is regarded by 
us identical with the inner limiting membrane of 



























dise the fibres of the nerve fibre layer 
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pass into the optic nerve, the other layers of the retina 
stopping short abruptly at the edge of the porus opticus. 

At the posterior pole of the eye, which is situated 
about 8 mm. to the temporal side of the optic disc, a 
specially differentiated spot is found in the retina of 
higher mammals (man and monkeys), the fovea centralis, 
or yellow spot. As its name implies, it is a depression or 
pit, and here only cones are present in the neuro-epithelial 
layer and the other layers are almost completely absent. 
The fovea is the most sensitive part of the retina, and 
it is surrounded 
by a small ares, 
the macula, which, 
though not so sen- 
sitive, is more 80 
than other parts of 
the retina. It is 
here that the 
nuclear layers be- 


F1a, 5,—Blood vessels in the macular region come gradually 


of the human retina. (Nettleship.) The thinned out, whilst 
central gap corresponds with the fovea cen- 

tralis, N, nasal side; 1’, temporal side; on the other hand 
A,urteries; V, veins, ‘The meshes are much i- 
wanaller thin acthe periphery of the retina, Parts of the reti 
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ie 


zal 


K 
cs 


‘jis 








cular layers are 
specially in evidence: the ganglion cells too, instead of 
consisting of a single row of cells, are heaped up into 
several layers. There are no blood vessels in the retina 
at the macula, so that its nourishment here is entirely 
dependent upon the choroid (Fig. 5): by way of com- 
pensation the meshes of the capillary network of the 
chorioenpillaris are particularly small here. 

Tho xo-eulled optic nerve is really a lobe of the brain, 
and therefore belongs properly to the central nervous 
syslom.  Embryological and morphological investigations 
vhow that the bipolar colls of the retina, the nuclei of 
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which are in the inner nuclear layer, probably correspond 












with the cells in the dorsal root ganglion of on ordinary 
Sensory nerve (neurons of the first order). Similarly, 
the ganglion cells correspond morphologically with the 
cells of the nucleus gracilis, or nuelous euneatus (neurons 
‘of the second order). Hence the part of the visual ner- 
yous mechanism which corresponds with an ordinary 
peripheral sensory nerve is a microscopic cell and ite 
processes situated within the retina itself. All the 
remainder is really part of the central nervous system, 
and wo shall soo that it responds to pathological processes 
‘more like the central than the peripheral nervous aystem. 
porus opticus is the aperture in tho sclerotic 
through which the optic nerve passes. It varies much 
‘in ehape in different cases, but in all it is traversed by a 
transverse network of connoctive tissue fibres containing 
much elastic tissue, the lamina cribrosa. ‘The fibres of 
the nerve fibre layer of the retina pass through the 
‘meshes of the lamina eribrosa, and on the posterior side 
the ly became surrounded by medullary sheaths. 
fibres, which comprise the greater number 

‘dl the nerve fibres in the so-called optic nerve, are the 
processes of the ganglion cells of the retina. 

‘They are therefore afferent or centripetal fibres, but the 
also contains a few efferent or centrifugal fibres. 

lens is a biconvex mass of peculiarly differentiated 

Tt will be remembered that it is developed 
tm an invagination of the epidermal epiblast of the 
“#0 that what was originally the surface of the 
mm comes to lie in the centre of the lens, the 
calls corresponding with the basal cells of 
Tust as the epidermis grows by the pro- 
ia faa calla the old superficial cella being 
6 the lens grows by the proliferation of the 
I cells. The old cells cannot, however, be cast 
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off. but become massed together in the centre or nucleus: 
moreover the newly formed cells elongate into fibres, the 
lens fibres, which have a rather complicated arrange- 
ment. Without going into details. it is important to 
bear in mind that the nucleus of the lens consists of the 
oldest cells and the periphery or cortex of the youngest. 
Further. it must be pointed out that at an early stage 
the productive basal cells beeome limited to a single row 
of cubical cells covering the anterior surface. The mass 
of epithelium which constitutes the lens is surrounded 
by a hyaline membrane, the lens capsule, whieh is 
thicker over the anterior than over the posterior surface: 
it is a cuticular deposit secreted by the epithelial cells. 

The lens in fetal life is almost spherical: it gradually 
becomes Hattened so as to assume the biconvex shape. 
It is held in place by the suspensery ligament or zonule 
of Zinn. This is not a complete membrane. but consists 
of bundles of fibrils which pass from the surface of the 
ciliary body to the capsule. The dattening of the lens is 
due to these fibrils becoming more snd more stretched as. 
the eye grows. The fibrils pass in various directions and 
the various bundles often cross one another. Thus the 
Most posterior arise from the pars plana of the ciliary 
body almost as far back as the ora serrata: these lie in 
contact for a considerable distance with the ciliary body 
and then curve towards the equawr of the lens to be 
inserted into the capsule: musi are ried slightly 
anterior to the equator. A second group of bundles 
spring from the summits and sides of the ciliary pro- 
cesses, i+. far forwanis, and pass Reckearts wo be 
inserted into the lens capsule. 3 
equator. A thind group pass 
processes almost directly inwanis 4 
eqnater. 

It will be noticed thai there is a somewhai iangular 
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spece between the back of the iris and the anterior 
surface of the lens, having its apex ab the point where 
the pupillary margin comes in contact with tho lens; it 
44 bounded on the outer side by tho ciliary body. This 
is the posterior chamber: it contains lymph of tho same 
‘Tature as the aqueous. 

Behind the lens is the large vitreous chamber, con- 
taining the vitreous humour. It is a jolly-like material, 
composed of delicate fibrils with a few cells and wandering 
leveocyies. It is bounded by the excessively delicate 
hyaloid membrane, but it is doubtful whether this ix 
resent at the anterior part where the vitreous is in 
contact with the lens. 


Tue Broop Scrruy ov run Exe, 

‘Tho arrangement of the blood vessels which supply the 
#98 is peculiar and is of great importance in considering 
[thologieal conditions. 

‘Tho arteries of the eyo in man are all derived from the 
Whihalmie artery, which is a branch of the internal 
“mid, The ophthalmic artery has very few and insig- 
Tifeant anuatomosex, so that on the arterial side the 
tedlir circulation is an offshoot of the intracranial cir 
Mltion. This is not the case to so marked a degree of 
thtyenous outflow of the eye. Whilst in man most of 
ile blood passes to the cayernous sinus by way of the 
‘Wilulmic veins, yet it must be remembered that these 
Sidomose frecly in the orbit, the superior ophthalmic 
TH communicating with the angular vein at the root of 
le bose, and the inferior ophthalmic vein with the 
plexus. Hence too great stress must not be 
i the circulation in the retina aa a guide to the 
Of the imtracranial circulation, as has been 
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‘is supplied by the central artery, which 
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enters the nerve on ite lower surface. 15—3) mm. behind 
the glote. The cemtral artery divides on or slightly 
below the surface of the dise imw the main retinal 
trunks. whieh will be considered in decail later «Plate L). 
The retinal arteries are end-arteries and have no anas- 
tomoses at the ora serrata. The only place where the 
retinal system anasiomewes with any other is in the 
neighbourhood of tke larira eribrosa. The veins of the 
retina do not accuraiely the course of the arteries, 
but they behave similariy ai the dise. uniting on or 
slightly below the surface of the die to form the central 
vein of the retina. which accarace?y follows the course 





dorm three groups—the short 
Vorlicase. and tbe anterior 
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Fin, G—Blool vowels ef the hus 
pic ties to. the eign of the iris, (After‘Leber.) ” Artrion 
{ veto, paler, Running up tbe centre a b 
eiimry artery. Two vorticose veins and their tribut. 
fare only partially filo! in. 








which open into the ophthalmic vein, They enter the 
pelerotic rather behind the equator of the globe, two 
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above and two below: they pass very obliquely through 
the sclera. The anterior ciliary veins are smaller than 
the corresponding arteries, since they receive blood only 
from the outer part of the ciliary muscle. 

Of these ciliary vessels the short posterior ciliary 
arteries supply the whole of the choroid, being reinforced 
anteriorly by anastomosis with recurrent branches from 
the ciliary body. ‘The ciliary body and iris are supplied 
by the long posterior and anterior ciliary arteries. The 
blood from the whole of the uveal tract, with the excep- 
tion of the ciliary muscle, normally leaves the eye by the 
vense vorticoste only. 

The two long posterior ciliary arteries pass forwards 
between the choroid and the sclerotic, without dividing, 
as far as the posterior part of the ciliary body. Hereeach 
divides into two branches (Fig. 6): they run forwards in 
the ciliary muscle, and at its anterior part bend round in 
a circular direction, anastomosing with each other and 
thus forming the circulus arteriosus iridis major. This 
is situated in the ciliary body at the base of the iris: 
from it the ciliary processes and iris are supplied. Other 
branches from the major arterial circle run radially 
through the iris, dividing dendritically and ending in 
loops at the pupillary margin. A circular anastomosis 
takes place a little outside the pupillary margin, the 
circulus arteriosus iridis minor. 

The tributaries of the vorticose veins, which receive 
the whole of the blood from the choroid, are arranged 
radially, the radii being bent, so as to give a whorled 
appearance—hence their name. The veins of the iris 
are collected into radial bundles which pass backwards 
through the ciliary body, receiving tributaries from the 
ciliary processes. Thus reinforced, they form an 
immense number of veins running backwards parallel 
to each other through the smooth part of the ciliary 
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body. After reaching the choroid they converge to form 
the large anterior tributaries of the vorticose veins. ‘The 
veins from the outer part of the ciliary muscle on the 
other hand pass forwards and unite with others to form 
a plexus, part‘of which is the so-called canal of Schlemm. 
‘These vessels drain into the anterior ciliary veins. The 
marginal loops of the cornea and the conjunctival vessels 
are branches of the anterior ciliary (Plate If.). 











CHAPTER II. 
PHYSIOLOGY. 


In order that the eye may satisfactorily perform its 
duties as an organ of vision it is essential that a 
sharp image of objects in the outer world shall be 
formed upon the retina. This is effected by means 
of a series of curved surfaces, and the curvature of 
these surfaces and their relative positions to each 
other must be kept constant. In order that this may 
be so it is necessary for the walls of the globe to be 
kept’ stretched. 

Tf a small cannula connected with a narrow-bored 
mercury manometer is pushed into the anterior chamber 
or into the vitreous of an animal it will be found that the 
mercury in the manometer will rise about 25 or 80 mm. 
(Fig. 7). In other words, the contents of the eyeball, 
which are for the most part fluid, exert a pressure upon 
the inner side of the walls which is about 25 mm. of 
mercury greater than the atmospheric pressure which 
falls upon the outside of the walls; the walls are thus 
kept well stretched. é 

This pressure inside the eye is called the intraocular 
pressure, or the tension, of the eye. (These terms are 
used indiscriminately, though it is not quite accurate 
to do so.) In order that the tension of the eye may be 
kept up, work must be done by the organism, and a 
moment's consideration will make it evident that the 
source of energy must be the blood pressure. This con- 
jecture has been proved conclusively true by experiments 
on animal in which it is found that the intraocular 
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Presstire follows passively every change in the general 
Wood pressure (Fig. 8), 

This obvious that it must be the fluid constituent of 
the contents of the globe which keeps up the internal 
Drssure. This fluid fills the wnterior and posterior 
chamber and perteates the vitreous. Tt ix comparable 
fo the lymph which bathes the tissues in other parts 


fi 
a‘ 


fissne tension. 

of these funetions at~ 

fain an onusnal degree ye. 7—Dingram of manometer placed 

of iortance in the communion rat 

repels eye. We Into prose ateut 23. 
filready seen the A: 


! 


for keeping up the normal tonsion of the eye. 
As regirda the nourishment of the colle, our résumé of 
the anatomy of the eye has shown that thero are large 
fms, notably the whole of the lens and the vitreous, 
hich possess io blood supply. These are dependent 
Stirdy for their nutrition upon the lymph. 

Twuter were to be forced into an impermeable elastic 
tag. the internal pressure might be kept indefinitely 
Mure the prossure upon the outside of the bag. Such 
“ ttrangement for keeping up the intraocular pressure 
Well bo unsatisfactory owing to the function of tho 

i nutrition. The stagnant fluid would soon 
‘Gis food material, which would be used up, and 
‘ 22 
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it would become loaded with the excreted products of 
the cells, which would have a very deleterious effect upon 





of right carotid blood prowiire, fit mocular pressure from 
of left eyo of a dog, which was tally under 
mixturo,andourare, Stisaulation of the 
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yaromotor contre, showing that the intraocular pressure follows passival 
Ml the changes in the general blood prewure as produced by Traubes 
the splanchnic area, 





Hering curves and constriction of the arteciol 


Hence it is essential that the lymph shall he 


therm. 
This is what occurs in the eye. 


constantly renewed, 
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anatomical structure alone. but in the ease of the ciliary 
body experiment and clinical and pathological observa- 
tion alike confirm the conjecture that the processesare the 
chief if not the only site of the production of the aqueous 
in the human eye. If the iris and ciliary body are 
removed, as can be done in the rabbit without immediate 
destruction of the eye. no more aqueous is formed and 
the eye rapidly becomes soft and shrinks. That the 
effect is not due to the absence of the iris is shown by 





absent as a congenital defect. yet the aqueous is 
normally secreted. We may therefore conclude that 
the aqueous is “secreted” by the ciliary processes. 
The greater part of ike lymph thus produced passes 
inte the posterior chamber. Thence it passes forwards 
through the pupil inte the anterior chamber, the free 
communication between the reo chambers being facili- 
tral ty the Ferpevaal movements af ‘the iris, A small 
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chamber, It was at one time thought that it transuded 
ea 


the cornea and escaped into the conjunctival 
not so: it is now known that it filters 
through the angle of the anterior chamber 
into the venous plexus which is called the canal of 
passed into the canal of Schlemm 
earried away by the anterior ciliary 
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it be expected that so vascular a tissue as the 
‘was concorned in the production of lymph. It is 
however, that it produces only sufficient to 
its own tissues and the outer layers of the retina. 
retinal capillaries extend no deeper into the retina 
the outer reticular layer; consequently the rods 
cones and the pigment epithelium are dependent 
the choroid for their nutrition. The choroidal 
passes out of the eye chiefly by way of perivascular 
‘spaces around the vorticose veins, a small quantity 
‘into the subschoroidal space and so into the lymph 
of the posterior ciliary vessels. The retinal 
away by perivascular lymph sheaths 
optic nerve into the vaginal space. The 
choroid, then, only produce a sufficiency of 
their own requirements, and have nothing to 

‘sustaining the intraocular tension. 
| Sitnilarly it might be thought that the vascular iris 
‘some of the aqueous. It is not easy to disprove 
t but it ix easy to show that the iris ix to 
“Soule extent concerned in absorption, and it is highly 
that the some structure carries on such 

functions, 

thas already been stated that sharp images of external 
‘must be formed upon the retina if the latter are 
clearly. Before considering how this is effected 
to refresh the reader's memory upon 
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the elementary principles of optics. I would seriously 
impress upon the student that success in the diagnosis, 
and hence in the treatment, of diseases of the eye is 
impossible if such elementary principles of optics as are 
set forth here are not thoroughly mastered. 








CHAPTER Ii. 
RLEMENTARY OPTICS. 


Tr is a familiar fact that a candle flame emits light in 
4ll directions. The light ix tranxmitted in straight lines, 
* thatwe may imagine the light coming from the candle as 
©Msisting of an immense number of straight lines, all 
tersecting in some part of the flame. Ifwe consider a 
minnate point in the flame, then all the straight lines 
cross in this point may be said to diverge from 
it. Bach of those hypothotical 
straight lines is called a ray. 
‘ow, every point on such 

















Fr0. 9 


in front of the 
Sialic (0) at n little distance from it. Beyond the card- 
beard hold up 6 white screen (B), so that the cardboard is 
‘tho wercen and the candle. A dim image (D) of 
‘he fans will be thrown upon the sereon, and it will be 
‘Died that it is upside down, i.e., an inverted image of 
‘We fame is formed. This ix due to tho fact that tho 
| Billboard cuts off all the rays of light from the candle 
Hip aciels us ean puns through the hole.” The only rays 
“coc hohe flame which can pass through the hole 
are canght upon the lower part of the 
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sereen. They represent the top of the flame ; hence they 
reproduce its shape accurately. The image is very dim 
bocanso only o fow rays of light ean got ee thoomph hi 
small hole. Now make another hole a little distance 
away from the first. Another inverted image of the 
flame is seen. If a dozen holes are made, a dozen 
images appear, If two holes are very close togethor the 
images will overlap. If a large hole is made, so many 
images overlap that all resemblance to the original flame 
is lost, and part of the screen becomes uniformly illumi- 


P R cardboard altogether the whale 


A Q 8B lapping each other. 
PSuciarbettioneer. yolosiites inisiilersiiariaiay 
ero ter on thovelocity is less in ona medium 
rae he coon ee than another the first medium 
and the angle is said to be optically denser 
Genee, 4, ts exyunl to , the than the second. 
angie of redection, r. When. light travelling ia-gme 
medium, meets another medium it breaks up into two 
parts: part is reflected back into the first medium ; part 
is refracted into the second medium. If the second 
medium is opaque none of the light is refracted. 
Reriectiox. 

Let us now consider what happens to a ray of light 
when, travelling in one medium, it is reflected from the 
surface of a denser medium. We have already said that 
its direction is altered. Before it mowts the surface it is 
called an incident ray; after it leaves the 








ELEMENTARY OPTICS. Pui 


called the reflected ray. If a line is drawn at right 
angles to the surface at the point where the incident ray 
Meets it, found to be an invariable rule that the 
Incident roy makes the same angle with this line, which 
fs called the normal, that the reflected ray makes with 
it. Put in formal language, this law of reflection is that 
Tor all eurfaces the angle of incidence is equal to the angle 
reflection, and is in the same plane with it (Fig. 10). 
















og Tay meet, no real 
Mexge ix formed, and such an image is called a virtual 
‘Mage. Note that the rays reflected from a plane mirror 
WS divergent. The same reasoning holds good for every 
‘WIN: on the object PY, its image being pu as far behind 

x the object is in front of it: moreover, the 
26 OF the image is equal to that of the object. 
| Goxcare Mirrors.—Hore the normal to the curfsce is 
of the sphere. If AH (Fig. 12) is part of the 
‘Aconcare mirror and PB is an object, K being 
‘of the sphere, then the line HKB is called the 
the apex of the mirror. The ray PK through 
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the centre of the sphere will obviously be reflected along 
itself, so that the image of P must be on PK. ‘The ray 
PA, parallel to the axis, will meet PK in p. Hence p is 
the image of P. Now it is found that all rays parallel 
to the axis and not very far removed from it cut the axis 
in the same point, F, and this point bisects the line HK. 
This point is called the principal focus of the mirror. If 
the object PB were removed a very great distance away 
from the mirror, all the rays which fell upon a small 
portion of the mirror near H would diverge so little from 
each other that they would all be practically parallel to 
BH, and the image of PB would be extremely small and 











Fig. 12, 


situated at F. In each of these cases the image is an 
inverted one of the object. 

It is an axiom of optics that the direction of the rays 
is reversible. Hence, if pb were an object, it would 
have its image at PB, and if there were an object at F, 
all the rays from it reflected by the mirror would be 
parallel to the axis, and the image would be infinitely 
large and situated at infinity. 

What would happen if the object were situated between. 
F and H? In that case (Fig. 18) the rays would diverge 
after reflection as if they came from an object behind 
the mirror, much as they do with a plane mirror. The 
image would therefore be a virtual one, situated behind 
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the mirror: it would be erect and larger than the 


object, 
‘The important fact to remember with regard to 





Pit 1s—te my trom F parle to the axis is reflected through F, the 
‘The ray FP is rellosted parallel to the axis, Tho ray 


Siero te Se pareet, and. bo Heerefirs roSoatea co jiteolf. Any two 


Ofecave mirrors is that if the object is farther away from 
the mirror than its focal distoneo, i.c., than half its 
Maus of curvature, the image is a real inverted one 
Sitea-aited also in front of the mirror. This is the condition 





Tis, 14—Retiectna ty @ convex mirror, The deswription of Mig. 13 
agplice equally t0 this care: 


Whieh is almost always present in the ordinary use of 
‘ophthalmic instraments. 

Convex Mirrors. —We are not accustomed to use convex 
‘Mirrors in ophthalmic instraments, but it is necessary 


to know what happens with them since the cornea nets 
convex mirror. Here, as will be seen from Fig. 14, 


the inage is always virtual, erect, and smaller than the 
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object. As with the concave mirror, if the object is a 
long way off, the image will be situated at the principal 
focus, i.c., at ao distance equal to half the radius of 
curvature behind the mirror. 


Rerraction. 

We have now to consider what happens to the refracted 
ray when the incident ray, travelling in one medium, ¢g., 
air, meets an optically denser medium, e.g., glass. We 
have already said that the light will now travel more 
slowly. It follows 
directly from this fact 
that it will be deviated 
towards the normal to 
the surface, and it will 
be more deviated the 
greater the difference 
in optical density be- 
tween the two media. 
If the density of air is 
taken as unity, then 
the ratio of its density 
to that of the second 
medium is called the 
of refraction of the medium. 

Plane Lamina.—Let us see what happens when an 
incident ray, such as PQ (Fig. 15), meets the surface of a 
plate of glass with parallel sides. It will be deflected 
towards the normal, at. When the ray passes out of the 
glass on the other side, it will obviously be deflected 
away from the new normal, ed, just as much as PQ was 
deflected towards it, Hence the emergent ray RS will 
bo parallel to the invident ray PQ. If the plate of 
glass is very thin, RS will be practically continuous 
with DQ 
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Prisins.—If we imagine one side (CD) of the plate in the 
last figure to revolve round Bt, we shall be able to under- 
‘stand the nature of refraction by a prism. QR will now 
take # largor angle with the now normal ef than it did 
with the old one ed. Consequently the angle of refrac- 
tion will also be larger, i-., the new direction of the 
‘emergent ray will be RT. In other words, the ray is 
derinted towards jhe base of the prism. 

The ray PQRS in Fig. 16 is said to pass symmetrically 
Aeoagh the prism, Under these circumstances, if the 
Piso is 
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thee mys of light ¥1G,16,-—Ketraction by # prism, 
the 






"¥e, and in doing #0 we ignore the effect of refraction 
Since it enters ‘relatively little into our everyday 
“Sxperence. If, therefore, we look at a candle P through 
Plies ‘es in Pig. 17, the light will appear to como 
Objects, then, seen through a prism, appear 
| towards the apex of the prisin. 

Lees—Orilinary lenses are pieces of glass with 
‘herieal xurtaces. “ The line passing through the centres 
of the surfaces is called the axis of the lens, 
the chief varieties of lenses, viz. (1) bi- 
(3) plano-convex, (4) plano-concaves 
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(5) convexo-concave or meniscus: these names requin 
no further explanation, 

‘The effect of a biconvex lens upon rays of light meeting 
it, is very similar to what would occur if it were replaced 
by two prisms set base to base (Pig. 19). 

If the incident rays are parallel to the axis they will be 
refracted in such a manner that they all cross the axis in 
a single point upon the other side of thelens. This point 
is called the principal focus of the lens, and its distance 
from the lens is called the focal distance or length of 
the lens. When 
the lens leas the 
same mediam, 
€.g., air, on each 
side of it, the 
E two principal 
Ml D, Sr 


Ai rh ct 


equal distances 
iu, 17—Displucament of objects sun through thin glass 















from it, For 

arte) object P appears to bo situntet cept 
focal dixtance is 

qual to the radius of curvature of the two surfaces when 
these are equally curved. If there is an object a very long 
distance away from the lens, the rays which come from 
it wro practically parallel, Hence in this case an image 
of the object will be formed by the lens at its principal 
focus ; it will be inverted and very small. If the object 
is gradually brought nearer and nearer to the lens 
(Fig. 20) the image will recede farther and farther from 
it; from boing very small it will grow larger and targor, 
until, when the object is at the prineipal focus the image 
will have receded to infinity, and it will be infinitely 
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large, i. all the rays coming from the object at the 
principal foeus are parallel to the axis and to each other 
after refruction. If the object is brought still closer to 
the lens than its focal distance (Fig. 21) it will be found 





Fru. 18. —Fypes of lenses, 


that its image is a virtual one behind the object, and 
that it ix erect and larger than the object. The positions 
iif ike object and imuye boar a constant relationship to 
tach other and are called conjugate foci. 

There is w point in the middle of a bieouvex lens 










Pio. 19, 


‘Which is called its optical cuntre, With thin lenses any 

passes through this point is practically not 

futall. It is easy to understand why this is so. 

(Pig. 22) is such a ray and tangents are drawn 

mirfaces at the points Q and KR, these two 
3 
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tangents will be parallel to each other. Consequently, 
the lens acts for such a ray exactly as if it were a plate 
with parallel sides, and we have already seen that in such 








.—The may PE, parallel to the axis. 
pal foe 







is refracted through the 

Fy. The ray PF, through the first principal 

cted parallel to the axis. The ray PO, through the 

of the lens, is not deflected. Any two of these rays 
of p, the image of P. 











we the mergent ray is parallel to its original diree- 
tion, If the lens is very thin the refracted ray will be 
practically continuous with the incident ray. 

If we know these faets, viz., that rays passing through 





Vie 2h The description of F 
fig 


20 applies equally to this 


the opheal contve are not deviated, and that rays passing 
(hrangh the prinerpal focus are parallel to the axis after 
Holavtion, we ean easily construct the image of an objectin 
Any gtven position, Thus, in Fig. 20, if PB is an object, 
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the ray PO through the optical centre O will not be 
deviated; the ray PE parallel to the axis will pass 
through the second principal focus F,; and the ray PF, 
through the first principal focus will be parallel to the 
axis afterrefraction. Hence pb must bethe image of PB. 

‘The effect of a biconcave lens upon rays of light 
meeting it is very similar to what would oceuy if it were 
repluced by two prisms seb apex to apex (Fig. 28). 

Here, if the incident rays are parallel to the axis they 
will be divergent after refraction, and the amount of 
divergence of the indi- 
vidual rays will be 


axis in a single point 
upon the same side of 
the lene that thoy 
came from. This and 
the corresponding 
point on the other side 
of the lens are callod 
the principal foci. ‘The 
Miconcave Wins also has an optical centre, situated upon 
‘the axis within it and having the same properties as in 
the ease of the convex lens. The image of any object 
formed by a concave lens can be constructed in exactly 
the samme mannor as for a convex lens (Fig. 24). It will 
be found that in every position of the object the image ix 
abeays virtual, erect and smuller than the object. 
‘Plano-convex and plano-coneave lenses act like bicon- 
‘Wer and biconcave respectively, but in them the optical 
ia on the curved surface at the point where the 
it. Menisci act as convex or concave lenses 
‘as the convex or the concave surface has the 
B—2 













Fig, 22. — Properties of the optical 
centre uf a lens. 
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greater curvature. In them the optical centre is ontsid 
the lens. 


It will have been noticed that tho refractive power of & 
Jens varies inversely as the focal distance, ic, a lens with 








Pie, 8. 


a short focal distance will bend the rays more than one 
with a longer focal distance. It is necessary to have 
some system of numbering lenses s0 as to indicate their 





F1G. 2L.—The dewription ef Fig. 20 appties equally to this figure. 


refractive power, The most convenient system for 
ophthalmic purposes is that which takes « lens with a 
focal distance of 1 motre as a standard, Such a lens 
is said to have a refractive power of I diopire, A lons 
with a-focal length of half & metre will be twice am 
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Pact that « convex lens forms an inverted, whilst a con- 
save forms an ereet image. If we place two lenses of 
opposite sign but equal curvature in contact with one 
=another the combination will make a plate with parallel 
sides: such a plate, as we know, does not practically 
sleflect the rays of light at all. Hence we can determine 
Zhe strength of a lens by exactly neutralising it with a 
Bens of the opposite sign out of the trial case. Let us 
ake 9 concrete example, a particular lens which we wish 
to determine. We hold it up and find that distant 
objects seem to move in the opposite direction to the 
Tens. We know that it is a convex lens. 
a weak concave lens 

in contact with it and AB 


Weta aass 


We then pat 







We find that with 
a ~ 2D lens objects 
sill seem to move in 
the opposite direc- 
tion, though not so 
mich. Witha - 8D 
enw there it only w trae of movement, and with 
4-5 D lens there is no movement at all. We con 
ade that the original lons wax + 3°5 D. In performing 
this test it is important to have the two lenses as closely 
theontact as possible, and also to have their centres in 
Omisct. If the centre of one lens is higher than that 
#@ the other they will obviously not counteract each 
Wher exactly. If they are not in contact the result will 
bo either too high or too low. 


















Fie. 26. 


Whes the lonses aro in contact the refractive power of tho com 
Meation (27) ix equal to the algebraical sum of the ref 


Mi tee fs beates (4), i): be. D = sh + v.08 p=} +) where 
FD. Fo, 02% the respective fecal listances (Hig. 20). t 
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Suppose, however, that two convex lenses are separated by a 
distance ¢ (Fig. The lens A will make parallel rays converge 
towurds«, but ufter u distance e they meet the lous B: hence the con- 











vergence of the rays is not expressed by a bat by, 1. There- 
i i= 
fore the combined effect of the lenses, D, or be is now equal to 


1 1 
+a. 
A-cih 








Fig. 27. 
If the second lens (B) is u concave one (Fig. 28) ite effect will be one 
of divergence, so that it must have a negative sign, and D will now 


1 1 
‘be equal to-.-. - - 5. 
e. Rise A 
Examples: (1) 1 = 
1 
Then = 333158 * 350 ~ i 


That is, the combination of a + 3 D lens with a + 4D, separated 


133 mm. 





33 mm.; f, = 250 mm. ; 
1 1 


















by a distance of 133 mm., will bo that of a + 9D lens, instead of 
+ 7D if they had been in contact. 
(2) A = 333 mm. ; f, = ~ 83mm.; ¢ = 133 mm. 
" 1 1 1 1 

Then = ay ae 
‘That is, the combination of a + 3D lens with a -- 12 D, separated 
dy a distunco of 133 mm., will be that of a — 7D lens, instead of 
- 9 Dif they bad been in contact. 








CHAPTER Ly. 
ELEMENTARY PHYSIOLOGICAL OPTICS. 


‘Tue eye as an optical mstrament very much resembles 
an ordinary photographic camera. The latter consists of 
a“ dark chamber with an apertore in front containing a 
strong convex ons, and with a movable back be! chind. The 
effect of the lens is exactly like that shown in 20. 
PB will represent the object to be photographed ; the 
moovalle beck is adjusted so that it occupies the position 
of pb, in whieh case « sharp image of the object will be 
thrown spon the ground glass which forms the back, 
The ground glass ix then replaced by a sensitive plate, 
and the photograph is taken. 

Th the eye the retina corresponds with the sensitive 
plate. Instead of having only one lens in the front aper- 
ture, represented by the crystalline lens, there is also a 
curved plate with parallel sides, the cornea, which acts 
very mach like another Jens. ‘Tho object of this more 
‘complicated arrangement is to shorten the focal distance 
of the wystem, 0 that the eye may be shorter and more 














compact. 

From this analogy we see that the eye, from the optical 
hint of view, wets like a strong conver lens. We have 
ately stated that when » lons has the same medium on 
‘Beh side of it the anterior and the posterior focal dis- 
Waters are equal to one another. ‘This is not the case in 
tie ge Here the medium in front is nir, whilst behind 
| elms there is the vitreous, which has a higher refrac- 
TW iter, railser more than that of water. Hence the 
‘and posterior principal focal distances are not 
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equal, the anterior being about 13 mm, in front of the 
cornea, and the posterior about 23 mm. behind it. 

The cornea has about the same optical density or 
refractive index as the aqueous, which is also equal to 
that of the vitreous. The anterior surface of the cornea 
may be regarded as nearly spherical, the radius of curva- 
ture being 8mm. The centres of curvature of the cornea 
and the two surfaces of the lens are all on the same 
straight line, which is called the optic aris. When a ray 
of light meets the cornea (Fig. 29) the ray will be 








Fic. 29.—Emmetropic eye. Parallel rays are brought to a focus on the 
retinn. 

deflected towards the normal, ie. towards the radius 
drawn through the point of incidence. It will pass 
through the layers of the cornea in the new direction, 
and will also continue in the same direction through the 
aqueous, for, as we have said, the refractive index of the 
aqueous is the same as that of the cornea, When the 
ray meets the lens, which has a greater refractive index 
than the aqueous, it will again be deflected in the same 
sense, ie., towards the axis, upon which the cornea and 
lens are centred. 

We have seen that in the case of a lens, and the same 
is true of any homocentrie optical: system, parallel rays 











ELEMENTARY PHYSIOLOGICAL OPTICS, 49 


meet at the principal focus. Hence, if parallel rays fall 
upon the cornea, they will be brought to a focus 28 mim. 
belind it, Now, the rays whieh aro emitted by a luminous 
body are divergent. Li, however, the object is a long 
distance away, the individual rays in any small bundle 
will diverge so little from each other that they may he 
regarded wx practically parallel. ‘This is the case with 
the small bundles of rays whieh are able to enter the 
pupil of the eye. Hence, as in the vase of a convex Tens 
(ritle p. 82), the image formed by the eye of these distant 
objects will he situated at the principal focus, i... 23 mm. 





PRG. 30,—Nodal point of the vVirunl angle, and relative siees of 
‘object amd retinal image, 


Debind the cornea. But that is oxactly the distance of 
‘the retina from the cornea in the normal eye. Hence we 
‘8 that the normal eye in ite condition of rest is co 
Pifitituted that distant objects form their images upon 
(Pig. 2). 

he optic axis, prodnced backwards to meet the retina, 
exactly at the fovea contralis. Hence, any 
‘om the prolongation forwards of the optic 
| have it image at the fovea, which is the best 
jow that, just ax with a convex lens, the image 
Tt is re-inverted psychologically in the 
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It is easy to find the size of the retinal image whicl 
any external object will form since the eye possesses at 
optical centre, which, however, is usually called the 
nodal point (N), quite similar to the optical centre of the 
lens. In the eye this point is situated upon the optic 
axis near the back of the lens. As in the case of lenser 
any ray which passes through this point will not be 
deflected. If, therefore, there is an object PB (Fig. $0) it 
front of the eye, the size of its retinal image pb is foun 
by joining the extremities of the object and the noda 
point and producing these lines until they meet th 





Fie, 31,-- 





retina, The lines will enclose an angle, PNB, whic 
is called the visual angle: in other words, the angl 
tended by the object at the nodal point is called th 
angle. It is of course equal to the angle pNi 
s subtended by the retinal image at the nods 















whieh 


point, 

In some eyes the retina is not situated in exactly th 
right place for the imagys of distant objects to be clear] 
foeussad yor i, Thay be too tar forward (Fig. 81), ¢ 
tow far back (Pig, 8B yas the former case they are sai 
to be hypermenwypies an the latter myopic. If we conside 
the effet upon paralle: ays we shall ee that in tk 
hyyermenypy eve «not had space to come to 
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fo-<>u,, whereas in the myopic eye they Lave not only como 
te 2afocus, but have commenced to diverge. In each case a 
bi =ared image will be formed upon the retina, and vision 
| EB] be impaired. Such conditions are called errors of 
} TeExution or ametropia (4, privative, pérpor, measure; 
| Dee according to measure). In contradistinction to 
ia and myopia the normal condition is 

— emLdel emmetropia. 
 __ Ithas already been stated that in optics the direction 
Of fhe rays ix reversible. Let us imagine x minute point 
© the retina to be luminous. It will give out rays 














Fra. S2-—Myopic exe, Parallel my are broaght to fous in 
‘Shich will diverge in all directions. Some of these rays 
Sill mest the lens and cornea and pass out of the eye. 
Now, in the emmetropic oyo, those rays which get through 
‘Be pupil will have to submit to exactly the same optical 
Wistions as the parallel rays falling upon the cornea 
‘Ti when they passed into the eye and came to a locus 
1 the retina. Henee, on the principle of the roversi- 
\ ‘the mys, the mys coming from « point on the 

| be parallel to each other when they leave the 


“however, that the eye is hypermutropic 
‘too short (Pig. 33). The mys coming 
ou the retina will not have had space to 
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diverge so much as in the emmetropic eye before theas# 
full upon the back of the lens. The lens and aqueous 
and cornea will therefore cause them to converge les 
than in the emmetropie eye. They will therefore stil 
be divergent when they leave the eye, though of course== 
not so divergent as when they were passing through * 
the vitreous. In fact, their direction will be just as if 4 
they came from a point behind the eye. The nearer the * 
retina is to the lens, the more divergent they will be, 

and the nearer to the back of the eye will be the point 

from which they seem to come. This virtual point (R) 





Hypermetropie eye. Rays from a point on the 
retina are divergent when they emerge from the eye, as 
if they cime from the point, R, behind the eye. 





lehind the eye is called the remote or far point of the 
eye, Tho point on the retina and this point behind 
the eye are really conjugate foci (Fig. 88). 

Suppose now that the eye is myopie owing to being 
too long (Fig. 84). ‘The rays coming from @ point on 
the retina will have become more divergent than in 
the ommetropic, and still more divergent than in the 
hypermetropic eye before they fall on the back of the 
lons, ‘Tho refractive media in front will therefore cause 
them to converge more than in the emmetropic eye. 
They will hence be convergent when they leave the 
eye, and will evoss ina point (R) somewhere in front 
ol the eye (Fig. 3, The farther the retina is from the 
lous, dec the higher the degree of myopia, the more 
convergent they will be, and the nearer to the front of 
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the oye will be the point where they cross. This point 
48 again the conjugate focus to the point on the retina, 
but in this case it is a real point. It ie alo ealled the 
remote or far point of the eye. 


We. au—M raphe Bays froat » polut va! she retine are oon- 
wl 
ee ec mrer rm cree tk thar arom ate 
Where then is the far point of the emmetropic eye? 
We Thave seen that in each of the other conditions it is 
the ruys emitted from « point on the retina mest 
‘emerging from the oye. In the emmetropic eye 
whe ‘Shjergent rays are parallel to eaclr other. But 













Se hae sienna nal 
‘Pays meet at infinity; therefore the far point 
‘Wihe ommetropie eye is at infinity. 

Ht is obviows that, in hypermetropin, it we give the 
" requisite amount of convergence before they 
eye they will be brought to o focus upon the 
We can do this by placing « convex lens in 
tye (Fig. $5). This is what is done by 
The refractive or convergent power 
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of a convex lens is the reciprocal of its focal distance 
Hence in hypermetropia of 1 D. a convex lens of 1 I 
or 1 metre focal distance placed in contact with the 
cornea will direct parallel rays towards a point 1 metre 
behind the eve. to the far point of the eye. Such 
a lens acting in combination with the refractive force 
of the eve would bring the rays to a foeus on the retina. 
But lenses cannot be worn in contact with the cornea. 
If the lens is placed 20 mm. in front of the cornea ite 
focal length will have to be 1.020 mm. instead of 1,000 
mm. irid+ p. 40', but this small difference is negligible, 
and We are accustomed to measure errors of refraction 
by the strength of the lens which is required when 
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“ye, because under these conditions the size of the 
‘tinal image is exactly the same as if the eye were 
"unetropie (Pigs. 37, 89). The anterior focus is about 
18mm. in front of the eye, and this is so close that the 
are apt to rub against the glasses, soiling them and 
“ising discomfort. Hence spectacles are usually placed 
‘tightly farther away. We have already discovered one 
fect of this, viz., that the convex glass in hypermetropia 
fas to be rather weaker, and that the concave glass 
Meyopia has to be slightly stronger. It also has 
‘@ffect upon the size of the retinal image, moking 
Targor in hypermotropin and smaller in myopia 
(Pigzs. 38, 40). Tho increase in size in hypermetropin 
§% “adyantageous, but the diminution in myopin is a 
Hssaderaniage, especially in very high degrees. Con- 
in these cases the glasses ought to be made 
o> fit ‘as closely to the eyes ns possible, the eyelashes 

ent short if necessary. 

We have seen that in every case the far point and 
® Point on the retina are conjugate foci. Hence an 
bject situated at the far point of any eye will have a 
Sharp image upon the retina (Fig. 34). This may be 

Made clearer perhaps if we consider the myopic eye 
Tam another point of view. We have seen that the 
‘ays from a point on the retina meet in front of the 
‘hat the far point. We may again use the principle 
& teversibility of rays. If there is a Inminous point 

Mt the far point, the rays emitted from it which enter 
We eye will meet on the retina; in other words, the 
Tigy of an object ab the for point will be upon the 


a 


ay 
an 
it 










these considerations we learn how it is that 
‘with myopia cannot see clearly things which 
distanes away, whereas he can see things 
near. I common parlance, he i hort- 
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Fra. 40. 





Figs, 37—40.—Effect of correcting lenses upon the size of the 
retinal image. In Figs. 37, 89, where the optical centre 
of the lens, 0, coincides with'the ‘anterior focal point of the 
cyc, F,, the size of the retinal image is the same as in emme- 
tropia, When the lens is closer to the eye than the anterior 
focal «listance of the eye the size of the retinal i is 
diminivhed (convex lens, Fig. 38) or increased (concave 
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SiEatel.” He can see things at a distance better if he 
Sereus up his eyes. This is because he thax makes a 
azxow slit to look through, and this slit acts like the 
oes in tho cardboard bofore a candle (vide p. 25). The 

myopia originated in this peculiarity (ur, to 
Sheat. =, the eye or countenance). 

"EPhe patient with hypermetropia, on the other hand, 
“x= we neither distant nor near objects clearly with 
z eyes af rest, since the far point is virtual, and it is 
SSR ossible to place an object at its situation, We shall 
Se> later that he is better off than the myope by virtue 

== coommodation. 

— WWe have already seen that the emmetrope sees only 
ERseteant objects clearly with hia eyes at rest, since 
Feed rays from such distant objects are nearly parallel. 

<= practical purposes objects more than 6 metres 
[E> feet) away from the eye form clear images upon 
SEs rtina 

"Hho condition of an eye, whether emmetropic, hyper- 

jie, or myopic, is called its refraction, or more 
““<<=urately its static refraction, sinee the term applies 
ts te eye at rest. 
We have hitherio considered only such errors of 
‘as are duc to axial shortening or lengthening 

SE he eyo (axial ametropia). It is not difficult to under- 
"teks that ametropia might be due to other causes. 
TP Eiks, myopia might be dus to the refractive power of 
the eye wing too strong; in this case parallel rays 

Would be brought to a focus in front of the retina even 

RY €hits were in ite normal position. Incroase or decrease 

io ‘the refractive power of the eye might be due to two 
Tk might be due to altoration in the refractive 
fof the medis, or to alteration in tho eurva- 

| the refractive surfaces: ametropia due to these 
index or curcature ametropia respectively. 
4-2 
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Both are much less common than axial ametropia. 
Index ametropia is very rare, though we shall have a 
physiological example of it later (ride p. 62). 

Curvature ametropia has a special importance, not 
because it gives rise to simple hypermetropia or myopia, 
but because it is the cause of another very troublesome 
error of refraction, called astigmatism. In most eyes, 
even if they are ametropic, the areas of the refractive 





F iG. 41.—Rase of an Tonic column, showing torus. The small 
rection to the right shows the radius of curvature in the 
vertical direction, the large section that in the horizontal. 


surfaces uncovered by the pupil and used in vision are 
vory nearly spherical. Sometimes, however, they are 
not. In most of these cases it is the cornea which is at 
fault, and the error is generally of such a nature that 
this surface is flatter from side to side than it is from 
above downwards. Even in these cases the curvatures 
in tho vertical and horizontal meridians are both 
aphericnl, but the radius of curvature of the horizontal 
imoridinn is longer than that of the vertical. Perhaps 
tho pressure of the lids on the globe tends to squeeze it 
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look like at different distances from the refractive 
surface (Fig. 42, A—G). 

At A the section will be a horizontal oval or oblate 
ellipse, because the vertical rays are converging more 
rapidly than the horizontal. At B the vertical rays have 
come to a focus, whilst the horizontal are still con- 
verging: the section will be a horizontal straight line. 
AtC, D, and E the vertical rays are diverging and the 
horizontal are still converging. At one place in this 
focal interval there will be a spot (D) 
where the vertical rays have diverged 
from the axis exactly as much as the: 
horizontal rays have converged toward 
it. Here the section is a circle, whick# 
is called the circle of least diffusion. A@ 
F the horizontal rays come to a focus= 
whilst the vertical are diverging: the 
section will be a vertical straight line— 
Beyond this point, as at G, both sete 
of rays are diverging and the section 
will always be a vertical oval or prolate» 
ellipse. 

What will happen if the retina is 
situated at either of these points of 
section? In the first place it is obvious 
that the retinal image will always be blurred, and it is 
because the rays never come to a focus in a single point 
that the condition is called astigmatism (é, privative, 
oriypa, u point). If the retina cuts the conoid at A, 
where none of the rays have come to a focus, every 
meridian will be in the same condition, though in 
different degree, as in the axial hypermetropie eye: this 
condition is therefore called compound hypermetropic 
astigmatism. If the retina is at B the vertical meridian 
will be in the condition of un emmetropie eye, whilst the 
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Bex orizontal will still be in the condition of a hyperme- 
Saypic one: this condition is eulled simple hypermetropic 
Sexiguatiem, At C, D, and E the vertical moridian will 
Bsc in the condition of a myopic, and the horizontal still 
Sn that of a hypermetropic eye: this is called mixed 

Sexligmatism. At F the vertical meridian is still myopic, 

whilst the horizontal is in the samo condition as in an 

Smmetropic eye: this is simple myopic astigmatism. 
oyond F, asat G, tioth meridians are in the condition of 
mn axial myope, the rays having crossed in the vitreous : 
his is compowned myopic astig- 
smatism, All these positions of 
‘the retina are met with in actual 
practice, thongh probably there 
is often o combination of axial 
and curvature defects. 
Tt will be readily seen that 
och a condition cannot be 
corrected by means of any 
spherical lens. We must 
oltain some means of affect. 
ing one set of rays more 
than the other. This means Finda 
is found in cylindrical lonses. 
Sisppose CDEP is au cylinder of glass (I’ig. 43): AB 
is called the axis of the cylinder. If a slice is cut off 
the oylinder bya plane parallel to the axis, it would form 
S cylindrical lens. Vig. 44 gives representations of a 
mvex and a concave cylinder. The direction ad is 

Gilled the axis of the cylinder, since it is parallel to the 
‘sis Of the original cylinder from which the slice may 
be supposed to have boon taken. It is important here to 
‘warn tho student not to confuse the axis of a spherical 
‘the axis of a cylindrical lons, as they are totally 

“things. Tho axis of a cylinder hus just been 























56 DISEASES OF TITE EYE. 


described : the axis of a spherical lens is the line joining 
the centres of curvature of the two surfaces. 

How will a cylindrical lens affect parallel rays falling 
upon its sur- 
face? In the 
direction of its 
axis it is simply 
a plane lamina 
with parallel 


Fic. 45.—Refraction of parallel rays through gides, so that it 
‘a plano-convex cylinder. 








will have no 
effect upon the rays. In the direction at right angles 
to its axis it is spherical on one side and plane on the 
other: it will therefore act exactly like a plano-convex 
or a plano-concave lens, i.c., it will make the rays either 
converge or diverge. If a convex cylinder is held between 
4 point of light and a screen, a position can be found for 
the screen such that a sharp bright line is thrown upon 
it (Fig. 46) : this is the focal line of the cylinder. 

It is to be noted that the line is in the direction of the 
uxis of the cylinder. If another convex cylinder of the 
sue strength were held with its axis at right angles to 
the first, it would obviously form a focal line perpendicular 
to the first 
focal line. If 
the two 
cylinders are 
put in con- 
tact with 
their axes at 
right angles, all the rays after refraction must pass 
through both lines, The only place where they can go 
through both lines is where the lines intersect. Hence 
we see that two cylindrical lenses of equal strength, 
placed in contact with their axes at right angles, act 








Fig, 46.--Refraet 
th 
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xeecily like a convex spherical lens of the same strength 
as either of the cylinders. 

"When the comea has its directions of greatest and 
Weeast curvature at right angles to one another, the 
‘@raiition is called regular astigmatism. In the commonest 
form, as we have suid, the vertical meridian is the more 
*"rved, the horizontal the less: this condition is 
Renerylly 
rude. Sometimes the reverse is found; this is said to 
be “ weninst the role.” Not infrequontly tho axes are 
Sbligue Often after ulceration, &c., the surface of the 








Wire, 47_—Utfoct of nosommoristion. The dotted lines show the 
eurvature of the anterior wuriace of the lens and the course of 
Faye with tho eye at rest (static rufraction). The solid tines 

the curvature uf the anterior surface of the lexus and the 
‘Oiume of rays with setive accommodation (dynatax refraction). 


| “88nes is irregular, This causes the rays of light to be 
Felructed irregularly, 90 that thore ix no symmetry ut all 
Shout them and different groups form foci in all sorts of 

"This ix called irregular astigmatism: it cannot 
Corrected by lasses. 
Ascommodation.—We have to consider now how it is 
Seta person with normal sight can not see distant 
Wiles, ut also near ones. If an object is situated 
Wat ihe eye, ey., at ordinary reading distance—about 
eit, Or 9 inches—tho divergence of the rays which 
Mitts Aninot be neglected. Since the converging 
‘of thie rofractive modia of the emmetropic eye is 
Gough to make parallel rays come to « 
retina, it is obvious that divergent rays 
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falling upon the cornea will not nearly have come toa 
focus (Fig. 47). They will indeed be made convergent. 
Dut only to such a degree that they would meet some- 
where behind the retina. Now, if we can make the 
converging power of the eye stronger, a point may be 
reached when it is just strong enough to bring them to 
a focus on the retina. This is what is done by accommo- 
dation, and the manner in which the converging power 
of the eye is increased is by making the crystalline lens 
stronger. 

We have seen that the refractive power of a convex 
lens depends upon its refractive index and upon the 
curvature of its surfaces. In accommodation, it is the 
latter which undergoes change. The curvature of the 
surfaces of the lens at rest in the eye is approximately 
spherical, and the radius of curvature of the anterior 
surface is 10 mm., whilst that of the posterior surface is 
6mm. In accommodation, the curvature of the posterior 
surface remains almost the same, but the anterior surface 
changes so that in strong accommodation its radius of 
curvature hecomes 6 mm. ‘The eye under these conditions, 
which ure called its dynamic refraction, has a much 
increased converging effect upon the incident rays. 

The mechanism by which this change in the curvature 
of the lens is brought about is as follows (Fig. 48). The 
lens substance is plastic, so that it tends to conform 
accurately to the shape of its capsule, As has been 
described (p. 12), the capsule is anchored to the ciliary 
body by the suspensory ligament. In the condition of 
rest, the fibres of the suspensory ligament are stretched. 
In the ciliary body is the ciliary muscle, which takes its 
origin from its anterior attachment to the sclerotic at 
the angle of the anterior chamber. When the muscle 
contracts, it pulls the posterior part of the ciliary body 
and the anterior part of the choroid forwards slightly. 
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‘The effect of this upon the suspensory ligament is to 
slacken it, and with it the lens capsule. The posterior 
®urface of the lens ix fixed by the support of the jelly-like 
Yitreous, so that the slackening of the capsule makes 
itself most felt in the anterior part, which becomes 
bowed forwards. 

‘Ourcontrol over the ciliary muscle, though involuntary, 
4s very delicate, co that all distances up to quite close to 
the eve can be accurately focused. The nearest point at 
which anail objects can be clearly distinguished is called 





Fie, (3-—Diagram of Helmholts’ theory of recommedation, 












the near point, or punctum proximum. It is most accurately 
ttternined by gradually bringing a fine thread closer to 
until it is found impoxsible to se it perfectly 
Tn practice it is sufficient to use very fine print 
‘Wi fo determine the point at which it first becomes 
luipiasble to read it. The distance can be measured by 
‘#Uatimetre or ineh tape held close beside the eye. For 

fy clinical purposes it is usually sufficient to judge 
At this point accommodation is exerted to 
‘the lens capsule is as slack as it is possible 
ke it, and an object could only be seen clourly 
* deirer point by placing a convex lens in front of 


deni shows that the far point of the eye varies 
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ccording to its static refraction, i.e., according to whether 
it is emmetropic, hypermetropic, or myopic. The near 
point also varies with the static refraction, but it also 
varies with the age of the patient. The reason of this 
is that the lens becomes less plastic as age advances. 
‘We have stated that the lens is a mass of epithelium of 
which the central part is the oldest (vide p. 11). As 
the lens gets older the central cells become tougher and 
more compressed, thus forming a relatively hard nucleus. 
This nucleus is less plastic than the younger cortex, and 
as age advances more and more of the fibres become 
converted into nucleus. Consequently the lens tends 
less and less to respond to changes in tension of the 
capsule. Thus, a child of ten, the earliest age at which 
it is possible to obtain satisfactory measurements, is able 
to see a small object clearly when it is only 7em.,or less 
than 8 inches, from the eye. A person of thirty years of 
age cannot see clenrly at less than 14 cm., or about 
5} inches from the eye. 

Now, we have pointed out that the refractive power of 
a lens in dioptres is the reciprocal of its focal distance 
measured in metres (vide p. 36). ‘The same method is 
applied to measure the static and dynamic refractive 
powers of the eye. Thus, the static refractive power of 
a myopic eye whose far point is 1 metre in front of the 
eye is said to be 1 dioptre; this is usually expressed by 
saying that the eye has 1 D of myopia. Similarly, if a 
hypermetropic eye has its far point half a metre behind 
the eye it is said to have 2 Dof hypermetropia. By this 
method the emmetropie eye, which has its far point at 
infinity, has no refractive power when it is at rest, since 


1.0; 





© 
Applying the same method to the dynamic refractive 
power, the child of ten, whose near point is 7 em. from 
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his eye, has a refractive power of = 14D, anda man 
of thirty whose is hd is 14 em. from his eye has a 
‘Tefractive power ane = Vie TD. 

‘By this means we can obtain a general rale for indi- 

ating the amount or amplitude of accommotation, not 

| only of emmetropic but also of hypermetropic or myopic 
eyes. This ix given by the formula A = P — R, which 

Stale that the amplitude of accommodation is equal to 

the refractive power of the eye when fully accommodated 

(i, the reciprocal of the distance of the near point in 
‘Mitros) less the refractive power of the eye at rest (i... 

the reciprocal of tho distance of the far point in motros). 

A few examples will make this clearer, Thus, the 

Smtnetropic child of ten has an amplitude of aecommoda- 


tion of 100 _ es =14—0=14 D. What is the 
Mplitade of accommodation of an emmetrope whose near 


Wint is 125 cm. from his eye? Here A = S55 = 


=8D. From statistics which have been collected we can 
fein: that this man was about twonty-six years old (ride 
#683). Now let us take @ case of myopia, ¢.g., 0 myope 
M2) whose near point is § cm. in front of his eye. 
‘Mh mmpitade of accommodation will bo A = ™ 2 


ee What is the amplitude of Lakai on of a 
of 3 D whose near point is 12°5 cu. from his 

the far point is behind the eye and distances 

i this direction must have tle opposite sign to 

ii front of the eye. Henee A = 


84+8=1D. 
given by these calculations for the 
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amplitude of accommodation give the strength of the 
convex lens which would have to be placed in contact 
with the cornea in order that the near point might be 
brought to the required distance without using the 
accommodation. Several interesting facts come to light 
from the calculations. Thus a hypermetrope of 8 D has 
to exert 11 D of accommodation in order that he may see 
clearly at 12°5 cm., whilst an emmetrope has to exert 
only 8 D of accommodation to bring about the same 
result. We see, then, that the hypermetrope has to 
exert an amount of accommodation equivalent to the 
amount of his hypermetropia in order to focus parallel 
rays upon his retina, i.e., he has to use this amount of 
accommodation in order to see distant objects clearly. 
Again, in the case of the myope of 2D, his far point is 
half a metre, or 50 cm., from his eye; he ean see clearly 
at that distance without accommodating, but he has to 
exert 10°5 D of accommodation in order that he may see 
clearly at 8 em. from his eye. This patient, then, has to 
exert nearly as much accommodation to alter his points 
of clear vision from 50 em. to 8 cm., i.e., through 42 cm., 
that a hypermetrope of 3 D has to employ in order to 
move his point of distinct vision from infinity up to 
12°5 cm. 

‘The effect of age upon the static and dynamic refrac- 
tion is given in Fig. 49, which is the result of a large 
number of statistics and gives the average results.’ From 
this table we see that even the far point alters in 
advanced age. After about fifty the eye tends to become 
hypermetropic, so that at eighty it has about 2°5 D of 
hypermetropia. ‘This has nothing to do with accommoda- 
tion, and hence nothing to do with loss of plasticity in the 
lens. It is, however, due to changes going on in the 
lens, viz., an alteration in its refractive index so that it 
has a weaker converging power. 
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Vf we torn our attention to the curve of the near point 
we see that the amplitude of accommodation gradually 
diminishes throughout life. Now, we ore accustomed to 
hold books for reading or work for sewing, &c., at about 
10 inches, or 22 em., from the ayes. In order to be able 
















peace) Alsciaas, ages ; o%-ordinntes, nccomta> 


ly at 26 em. from the eye we have to exert 


ly At 25em., but noteloser. If he is about 
“Will only have 8 D of accommodation left. 
of mow beable to see clearly at 25 em., but ho 


Whis book farther off, viz.. at i0 
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Tf he is still older he will have to hold the book yet 
farther off. and he will probably have to use very large 
print or he will not see clearly at all. This is the con- 
dition which is called preshynpia (=péoBrs, old). 

It will be seen that a patient never requires more than 
+ 4D to correct his presbyopia only, since that is the 
amount of accommodation required to place the far point 
of the resting emmetropic eye at reading distance. A 
convenient rule to remember is that a presbyope requires 
+ 1D for every five years after forty; i.c., at forty-five, 
+1D; at fifty, + 2D; at fifty-five, + 8 D; at sixty and 
later, + 4D. ‘The rule errs in giving rather too liberal a 
correction; a slightly smaller correction is often more 
comfortable. 

It is a common error amongst students to think that 
presbyopia is a condition which commences at about forty- 
five years of age. Of course this is not so: the condition 
which has been increasing throughout life first becomes 
troublesome at or about this age because the near point 
of the eye has receded so far that it is beyond comfortable 
reading distance. 

There are two other phenomena which occur with 
accommodation, one affecting the iris, the other the 
direction of the eyes. In order that we may see a near 
object we must look at it; hence in order that we may 
see it at the same time with both eyes they must each 
turn inwards or converge. The amount of convergence, 
like the amount of accommodation, depends upon the 
distance of the object. It is therefore easy to understand 
that there is near relationship between accommodation 
and convergence. We shall have more to say upon this 
subject when we consider the various forms of squint. 

When we accommodate for a near object the pupil 
becomes smaller, or contracts, Experiment has shown 
that this movement of the iris is associated with the 
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Accompanying act of convergence rather than with accom 
modation per se. It is not easy to explain the object of 
this contraction of the pupil on convergence; it ix 
of the nature of an associated movement or, 
#8 T have termed it, synkinesis (our, with, sdqns, 
meovemet). : 

Zt is not uncommon for the refraction of the two eyes 
So be different: this condition is called anisometrapia 
(% porivative, feos, equal; pérpor, measure). It might 
Dee anticipated that this could be corrected to some 
degree or entirely by unequal accommodation in the two 
®¥es_ Thus, if one were emmotropic and the other 

both eyes would be able to distinguish 

Aistant objects clearly if the hypermetropic one only 

SeCommodated the requisite amount to correct its 

C iia, Tt has been conclusively proved, how- 

er, that this does not occur, When these cases are not 

SE<cied by the proper glasses clear vision ix wholly 
MiSealar. 


| 
| 


AMihongh astigmatism is chiefly due to faulty curvature 
M ERs cornea, in some cases there is also lenticular astig- 
Eien. ‘This is not generally due to unequal curvature 
a Int to slight tilting of the lens, so that 
thes neidont rays fall upon it obliquely. If we look 
Mheroogh a tilted glass lens at printod matter we shall see 
thst the letters become distorted and olongated in o 
ixvetion : this in n form of astignati 
Matism of the erystalline lens ix generally of such « 
‘ature that it tends to counteract the corneal astigmatism, 

gh sometinies it adds to the effect. As in anisome- 
be thought that the corneal ustigmati: 
hy accommodation, If, for instance, 
acted only at the sides and not at all 
the anterior surface of the lons would 
in tho horizontal than in the vertical 
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meridian. This would counteract the effect of the ordi- 
nary form of corneal astigmatism. It has been proved, 
however, that this also does not occur. When the ciliary 
muscle acts, it acts equally all round the circle; and 
when one ciliary muscle acts, the one in the opposite 
eye acts simultaneously. and equally under ordinary 
conditions. 


Tue Porits. 
The iris acts like the diaphragm of any ordinary optical 


system, such as a photographic camera or a microscope. 
In discussing the effects of spherical mirrors in reflecting, 





sal aberration. 





and of spherical surfaces in refracting the rays of light, 
we sid that in each case they were all brought to a focus 
in a single point, This is really only an approximation, 
which is sufficiently accurate for rays close to the axis. 
In a convex spherical lens, for instance, parallel rays 
near the axis meet at the prineipal foeus (vide p. 82). 
Tho rays further away from the axis, however, are 
refracted too much, so that they ent the axis nearer 
the lens than the principal focus (Fig. 50). ‘This 
causes a blurring of the edges of the image, which is said 
to he due to spherical aberration, The diaphragm cuts 
off these peripheral rays, and thus prevents the blurring. 
In the eye the surfaces are not even spherical near the 
periphery, and are often not so in the centre, so that 
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they are smaller in blue eyes than in brown. The causes 
of these differences are conjectural, and need not detain 
us. The two facts of prime importance have been men- 
tioned, viz., that there are two reflexes, that to light and 
that to sensory stimulation, which act in opposite direc- 
tions. The normal size of the pupil may be looked upon 
as essentially the resultant of these two forces. 

The motor innervation of the pupil is as follows 
(Fig. 51). The sphincter pupille is innervated by the 
third cranial nerve. The pupil-constrictor fibres start in 
the anterior part of the third nucleus in the floor of the 
aqueduct of Sylvius. They pass out of the mid-brain and - 
run in the main trunk of the third nerve as far as the 
orbit. Here the fibres pass into the branch which 
supplies the inferior oblique muscle, leaving it by the 
short root of the ciliary ganglion. From the ciliary 
ganglion they pass by the short ciliary nerves to the eye, 
piercing the sclerotic around the optic nerve, being here 
in company with the short ciliary arteries (cide p. 14). 
The nerve fibres pass forwards in the choroid and ciliary 
body to the iris, 

The dilatator pupille is supplied by the cervical sym- 
pathetic nerve. The dilatator tract probably commences 
in the mid-brain not far from the constrictor tract. It 
passes downwards through the medulla oblongata into 
the lateral columns of the cord. The fibres leave the 
cord by the ventral roots of the first three dorsal and 
probably the last two cervical nerves, enter the rami 
communicantes, and run to the first thoracic or stellate 
ganglion. From here they pass by the anterior limb of 
the annulus of Vieussens into the cervical sympathetic. 
In this nerve they run up the neck to the superior 
cervical ganglion, whence they pass with the carotid 
plexus into the skull. They run over the anterior part 
of the Gusserian ganglion and pass into the first or 
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ophthalmic division of the fifth nerve, following the nasal 
branch, which they leave finally to enter the long ciliary 
nerves, thus avoiding the ciliary ganglion. The long 
ciliary nerves 
” — *—__ enter the eye on 
i | each side of the 
optic nerve, ac- 
companying the 
sen) long ciliary 
arteries. Like 
them, they run 
forwards be- 
tween the cho- 
roid and sclero- 
tic, enter the 
ciliary body and 
thus reach the 
iris. 

These compli- 
cated paths will 
be seen at a 
Fie, is glance in the 


pupillary paths for light stimuli, Afferent accompany in 
ths from left sides of retinw, thick solid + P ying 

ines ; afferent paths from right sides of retine, diagrams. 

thick dotted lines ; efferent paths of left eye, Y 

thin solid lines efcrent paths of right eye, Ve have now 

thin dotted lines, Zr, iris; #, retina; to consider the 

I, optic nerve; o.tr., optic tract ; Coll. Supr., 

colliculus "superior or anterior corpus quad. Hervous mechan- 

rigeminum ; JZJrd. nw, nucleus of third ism of the re- 

nerve; eg.b. external geniculate body: e.g. " 

ciliary ganglion ; ae.n, short ciliary nerves, exes. ‘The light 

reflex is carried 


out entirely through the constrictor centre, so we may 
put the dilatator tract aside for the moment. The afferent 
fibres are contained in the optic nerve, arising from all 
parts of the retina (Fig. 52). It is unknown whether 
they belong to the large or the small fibres of the optic 
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| Berve. It is certain that they undergo partial decussa- 


Sor fn the chiasana, like the visual fibres, and that they 
eur Ger the optic tracts. It is also certain that, unlike the 
yisma! fibres, they do not enter the lateral geniculate 
body. but leave the tract to pass by an unknown path to 
the third nucleus. 
“Whe constrictor centre possesses “tone,” ic, it is 
Perpeually sending out impulses which keep the pupil 
Shigthily contracted. If light falls upon the retina of one 
SYS its pupil constricts—the dircet reaction to light; but 
he pupil of the opposite eye also contracts simul- 
Aameously—the consensual reaction t light, This con- 
Sereual reaction should always be tested since it gives 
Wefal information which cannot be obtained from the 
firect resection. Thus, if there is a block on one optic 
Hove ss that there ix no direct reaction to light, but the 
Crisensual reaction from light thrown upon the other 
‘© Ganimpaired, we know that the block, whatever it 
May be, does not affect the efferent constrictor tract, 
4. thetrunk of the third nerve, the branch to the inferior 
and the short ciliary nerves are intact. The 
Mseneual reaction is probably carried out by means of 
fibres which unite the two constrictor centres in the 
‘hin! nucleus, 
s the afferent pupil-constrietor fibres undergo 
‘Witial deeuseation in the optic chiasma is proved by 
RRmING Rimitabee piAl reaction. "This ‘reaction is 
eo cimare of one optic tract. It will be 
: Pig. 52 that such a lesion will cut off the 
jiimpulsos from corresponding halves of esch 
fem the temporal half of one and the nasal 
‘other. If light is thrown upon these parts of 
Mie pupils do not contract, but if it is thrown 
Nalves of the retinw the pupils respond. 
Ory reflex in more complicated than the light 
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reflex, for both the dilatator and the constrictor centres 
play a part in its production under normal conditions. 
It has been shown that sensory stimulation causes first 
a rapid dilation of the pupil due to augmentation of the 
dilatator tone through the cervical sympathetic, and 
then a second dilatation, rapid in onset but slow in 
disappearance, due to inhibition of the constrictor tone. 
There are other reflexes and synkineses, e.g., emotional, 
which need not detain us. 

Minute examination of the pupil when the intensity 
of the light entering the eye is altered, shows that the 
pupil contracts and then oscillates rapidly, finally settling 
down into a condition of contraction which is slightly 
less than the summit of the first wave. In its sudden 
response, the pupil as it were oversteps the mark, over- 
steps it again in the opposite direction, and so on. Two 
different types of exaggeration of this oscillation are met 
with under abnormal conditions. One is the condition 
in which the oscillations are very large and easily seen, 
and which are to a large extent independent of the light 
falling upon the eye. ‘This is called hippus; its origin 
is obscure, but it undoubtedly depends upon the 
rhythmic activity of the nervous centres, and is not 
a peripheral phenomenon. More important is the lack 
of sustained contraction under the continued influence 
of light. Here, the pupil contracts sluggishly when 
the intensity of the light is increased, but whilst the 
light is still kept constant it slowly dilates, often with 
superposed sluggish oscillations. This is a patho- 
logical phenomenon dependent upon diminished con- 
ductivity in the afferent path of the light reflex, i 
usually in the optic nerve (se Retrobulbar Neuritis). 

Drugs are so frequently employed in ophthalmic practice 
for the purpose of dilating or constricting the pupils or 
paralysing the accommodation, that it is important to 
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know exactly how they act. Pupil-dilating drugs are 
called Alssoed pupil-constricting, miotics 5 drags 






















degree ; many attempts 
discover a drug which will effect 
without the latter, but without 


contrmet, so that the eye assumes a condi- 
partial or complete accommodation. 

vexed question whether these drags act upon 
respective muscle fibres or upon the nerve endings 
in them need not be discussed here. The 
mydriatic which we possess is atropin; it 
iridis and ciliary muscle com- 





‘thas so potent an action that it abolishes the tone of 
‘ts ciliary mosele. ‘Thus, an emmetropie eye placed 
filly onder the infinence of atropin becomes hyperme- 
the extent of 1D; this must be taken into 
am correcting error of refraction. Atropin 
hulipn (¢9., 1 per cent.) instilled into the conjunetival 

Ws absorbed through the cornea into the anterior 


where it acts locally upon the intrinsic muscles. 
time to cause complete paralysis, 
usual to order it for use at home three times 


The effects do not pass 


polution causes wide dilwtation of the 
forty minutes, and complete puralysis 
ition in about two hours; the affects do 
‘entirely till from three to seven days. 
B, wi daturin wet similarly to atropin. 
more quiekly than atropin, and tho 
Its full effect is obtained 
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by an oily solution (in Ol. Ricini, 1 per cent.) in three- 
quarters of an hour, especially if combined with cocain 
2 per cent.), which acts chiefly by inereasing the per- 
meability of the cornea. The effects pass off completely 
in forty-eight hours, or much more quickly if a drop of 
eserin (1 per cent.) is instilled. The mixture of homa- 
tropin and cocain, which is commonly employed for 
estimating refraction, does not paralyse the intrinsic 
muscles s0 fully as atropin, the tone of the ciliary muscle 
not being abolished so thoroughly. Homatropin alone 
probably acts upon the iris only through the sphincter. 

Cocain, besides its anesthetic effect through the 
endings of the fifth nerve in the cornea, iris, &c., also 
stimulates the sympathetic nerve endings in the dilatator 
iridis. It does not paralyse the sphincter, so that the 
dilatation of the pupil is only moderate, and the pupil 
continues to react to light even after prolonged appli- 
cation. Cocain is a useful drug in confirming the 
diagnosis of paralysis of the sympathetic nerve: if this 
nerve is paralysed cocain fails to dilate the pupil. The 
effect is not due to degeneration of the nerve endings, 
as I have found that cocain fails to act very quickly after 
section of the sympathetic in the neck in animals. 

Eserin or physostigmin, the most powerful miotic we 
possess, acts by stimulating the third nerve endings in 
the sphincter and in the ciliary muscle. It is therefore 
an antagonist of atropin, but it is unable to overcome 
the dilatation produced by atropin. On the other hand, 
eserin readily overcomes the dilatation produced by 
homatropin and cocain. These facts are of very great 
importance and must be carefully borne in mind, 
Comparably with cocain eserin fails to produce con- 
striction of the pupil after section of the third nerve. 

Eserin, unlike the common mydriatics, causes some 
smarting and injection of the ciliary vessels when 
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unpleasant is the “dragging” sensation in the eye 
which patients complain of when it is acting. It 
tuay be 50 irritating as to cause vomiting, but this 
waly occurs it very sensitive persons or when the drug 

| i pushed. Owing to these symptoms it should not be 

| instilled more frequently nor in stronger doses than 
‘Tequisite to ensure the desired result. A 0°S per cent. 
soltition or weaker is often adequate. 

‘Eserin begins to contract the pupil and cause spasm 
| Of aceorimodation in about five minutes; its maximum 
| effect is reached in twenty to forty-five minutes. The 

‘effect on accommodation lasts ouly an hour or two, that 
| on the pupil two to three days. 
" Pilocarpin acts similarly to esorin, but is less potent. 
‘In irritative miosis, due to stimulation of the third 
‘Bene, light, accommodation, and eserin will canse 
maler constriction, atropin dilatation. In punilytie 
Yitsk, due to paralysis of the sympathetic, light, 
Memnodation, and exerin will cause constriction, 
Mopin little or no dilatation. 
Th spastic mydriasis light, accommodation and eserin 
Till esmse constriction. In paralytic mydriasis there is 
to light or accommodation, and eserin acts 






















‘s Viseat Pexcretsoxs. 

ee falls npon the retina it acts as a stimulus 
Wiyensory nerve ending. As contact of the skin with 
- ‘substance cavses the sensation of touch, so 
Of the retina causes visual porcoptions. The 
go O01 as the result of a suitable stimulus 
tactile end organ, the physiological 
sensory nerves, and the psyeho- 
on of these impulies in the brain 
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which we call tactile sensation, are all relatively simple. 
In the visual nervous mechanism they are much more 
complex and highly differentiated. 

We may first very briefly consider the changes which 
oecur in the end organ itself. Light falling upon the 
retina causes at least four physiological effects. (1) The 
pigment in the hexagonal cells of the retinal epithelium 
migrates from the bodies of the cells into the processes 
which lie between the rods and cones. (2) The cones 
become elongated. Both these effects are slow; both 
give more response to the violet end of the spectrum than 
to the red end; both are consensual as well as direct— 
light on one retina causes the effect on both, though the 
other be kept in darkness. (8) The visual purple, a 
substance which is found only in the rods, is bleached, 
so that a sort of photograph or optogram of the luminous 
object is formed. (4) Changes of electrical potential 
are set up in the retina. 

We are more concerned, however, with the sensations 
which result from stimulation of the retina with light. 
These are of three kinds, which are called the Light 
Sense, the Colour Sense, and the Sense of Form. Each 
of these may become disordered, so we must examine 
what they really mean. 

The Light Sense is the faculty of the retina which 
permits us to perceive light, not only as such, but in its 
gradations of intensity. By utilising shadows cast by 
the retinal blood vessels upon the rods and cones it 
can be proved that the neuro-epithelium is the actual 
sentient layer of the retina. It is in this layer that 
the clear image of objects in the outer world are focused. 
‘The rays stimulate the rods and cones and give us the 
sensation of light. 

If the light which is falling upon the retina is 
gradually reduced in intensity there comes # point when 
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it is no longor peresived : this is called the light minimum. 












‘It varies very greatly according to the amount of light 
whieh has been falling upon the retina before the 
observation is made. We are all aware that if wo go 
bright sunshine into «dimly lit room we cannot 
the objects in the room until some time has 
+ the eyes have to become “adapied” to the 
of lamination. Hence observations on the 
minimum are only comparable one with the other 
the eye is in the condition of dark adaptation. 
Since this involves keeping light from the eye for at 
to thirty minutes the investigation is 


increased in intensity there are pointe at 
we can cloarly distinguish a difference in tho 
‘Uuiecnt of illumination. We can do this best if we have 
feo iilnminated areas of equal size to compare, as is 
thee in special instruments for the purpose, ealled photo- 
We can then find out how much brighter one 
‘Se mast be in order that we may distinguish a difference 
Silamination. This is called the light differei 
Wl to vary with the amount of ilumination—the 
‘ataount of illumination the greater will have 
the difforonce in order that we may be conscious of 
no all. Indeed, light difference follows a 
Jaw whieh is valid for all sensory impressions. 
j functions of the light sense are much 
0 ‘There is no doubt that the light 
incre in diseases which impair the 
le * viz., the rods and cones (soo Retinitis 
“said that disease of the conducting 
fibres, causes increase in the light 
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‘The rods appear to be much more sensitive to low 
illumination than the cones, so that in the dusk we see 
with our rods. Nocturnal animals, like the bat, have no 
cones. 

The Form Sense, which is next in importance, is the 
faculty of the retina which enables us to perceive the 
shape of objects in the outer world. Here the cones 
play the greatest part, and where they are most massed 
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.-—Acuity of form sense in different. parts of the retina. Dor.) 
wea centralis. Abscissw, degrees towards the periphery of the 
retina : co-ordinates, relative ncuity, that at the fovea being unity. 





together and most highly differentiated, viz., at the 
macula, there the form sense is most acute. It falls off 
very rapidly towards the periphery, as is shown in Fig. 58, 
and it is noticeable that the curve agrees fairly well with 
the diminution in the number of cones. We are accus- 
toned to speak of acuity in distinguishing the shapes of 
objects as acuity of cision, and we mean by that the 
greatest acuity which it is possible to obtain. The 
acuity of vision, therefore, applies to central vi 
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or the vision of objects whoxe images are formed at 
the fovea and its immediate neighbourhood, the macula 


th determining the acuity of vision, we utilise the 

Nistal angle (cide p. 44). We naturally choose ax our 
lass the minimum viswal angle, ie., the angle which two 
Fens must subtend at the nodal point of the eye in 
othr that they may be perceived ax separate and 
iin, Now, in order that we may get separate 
Anfevssionis from two points close together on the retina 
Bis teomsary that two conos shall be stimulated, and 
that there shall be @ cone between these two which is 
M6 stinutated. If we know tho dinmoter of m cone wo 
= cileulate the minimum angle which must be 
tultended at the nodal point in order that these require- 
Mens may be fulfilled. This angle, as we have already 
‘#9, & equal to the angle subtended on the other side of 
the nodal point hy the two points, which we wish to 
As matter of fact these calculations agree 

Laity well with the reilts of observations. It might be 
that the observation was a very easy one, but 
ma ‘several complications. It is found that there is 
*Gtiain amount of spread of the stimulus from one 
9 surrounding: ones, dae chictly to natural irregular 

m of the refractive media, especially the lena. 

bright objects on a dark background to appear 
“than they really are: the phenomenon is 
tion. It is not altogether a disadvantage, 
‘us very much in seeing actunl points of 
ht, like the stars, millions of miles away. In 
fk it would be # disadvantage to have « 
high standard of visual acuity, because 
dy would be abnormal according to our 
d that 6 minimum visual angle of 
me-sixtieth of a degree gives a very 
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good average, and it is upon this basis that our test types 
are constructed (vide p. 156). 

The Colour Sense is that faculty of the retina whereby 
we are enabled to distinguish different colours and 
different colour tones. The exact investigation of the 
colour sense is one of great complexity, for the different 
colours of the spectrum differ in luminosity, so that this 
disturbing factor has to be added to those dependent 
upon the physiological condition of the retina, e.g., its 
state of adaptation, &c. 

If three colours sufficiently far apart on the spectrum 
are chosen, all the other colours can be formed by their 
combination in suitable proportions, and white light can 
also be formed in the same manner. There are reasons 
for choosing red, green and blue for these “primary” 
colours. Now, we know that physiological impulses are 
in some sense a reflex or image of the physical stimuli 
which give rise to them, e.g., sound waves cause physio- 
logical impulses which are perceived as sound, &c. If, 
therefore, we imagine three slightly different kinds of 
impulse set up by the stimulation of the retina by red, 
green and blue light respectively, their combinations in 
suitable proportions would enable us to perceive the 
whole gamut of the spectrum, including white light. 
This is the basis of the Young-Helmholtz theory of colour 
vision. According to Hering’s theory, chemical changes 
in three different types of “visual substance” situated 
in the retina cause the sensations of colour (including 
white and black). The three substances are white-black, 
red-green, and blue-yellow. If anabolic or building-up 
changes (Assimilation) are set up in these substances, the 
sensations of white, red and blue are caused respectively. 
If katabolie or breaking-down changes (Dissimilation) 
are set up, black, green and yellow result. 

Perhaps no subject affords a better field for wild 
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from the side of the eye the image upon any point of t 
peripheral part of the retina is “projected” outwar 
along the line joining the point with the nodal poir 
The field of vision, then, is the projection outwards of 4 
the points upon the retina which can give rise to visu 
perceptions. We will postpone the consideration of i 
properties to a later stage (ride p. 165). 


CHAPTER V. 
THE NRUROLOGY OF VISION. 


In the preceding chapter we have considered the 
Process of vision up to the point at which the retinal 
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eeptive elements, the rods and cones, have becon: 
stimulated. As with other sensory nerves, stimulation 
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of the end organ causes the development of nervous 
impulses which travel up the afferent tracts of the central 
nervous system to the brain. The comparison of the 
afferent tracts of common sensation with those of vision 
throws so much light upon the latter that is worthy of a 
moment's consideration. 

The sensory impulse of common sensation, ¢.g., in the 
leg, is carried by a nerve fibre along the sensory nerve 
and the dorsal spinal root to the cord: it travels up in 
the posterior columns of the cord to the nucleus gracilis or 
the nucleus cuneatus as the case may be (Fig. 55). The 
whole of this course is along the processes of a single cell or 
neuron, which has been called the neuron of the first order. 
‘The impulse is taken up in the nucleus gracilis or cuneatus 
by a second cell, and is carried along the nucleo-thalamice 
tract or mesial fillet to the opposite optic thalamus ; 
other fibres, especially those derived from the nucleus 
cuneatus, pass to the superior colliculus or corpus quad- 
rigeminum. The cells in the nuclei gracilis and cuneatus 
are the neurons of the second order. A third cell, the 
neuron of the third order, situated in the thalamus or 
colliculus, carries on the impulse to the cortex cerebri. 
Here the nervous impulse is transformed into a psychic 
impulse, a change which is not and probably never can 
be understood. 

Let us compare with this the visual afferent tracts 
(Fig. 56). ‘The end organ is the neural epithelium of rods 
and cones. The first true conducting nerve cell or neuron 
of the first order is the bipolar cell of the inner nuclear 
layer with its axon in the inner reticular layer. This 
microscopic cell corresponds morphologically with a dorsal 
root ganglion cell and its long processes stretching in some 
cases from the tip of the toe to the top of the spinal cord. 
The neurons of the second order are the ganglion cells 
in the retina whose processes pass into the nerve fibre layer 
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and along the optic nerve to one of three termina- 
tions: most (80 per cent.) end in the lateral or external 
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geniculate body, others pass to the optic thalamus, and 
a few go to the superior colliculus. At these three sites 
a new cell, the neuron of the third order, takes up the 
transmission of the impulse, travelling by way of the 





Cortex 


F 1a, 57.—Diagram of the afferent visual paths from the retinee, with 
the corresponding fiekls of vit |. (After von Monakow.) Ch, 
chissma ; pr. pulvinar of optic thalamus : ¢g.b., external 
geniculate body ; 4..y., superior corpus quadrigeminum, 





optic radiations of Gratiolet to the cortex of the occipital 
lobe, which is the so-called risual centre. 

We see, then, the morphological identity of the two 
systems, in spite of the great anatomical differences 
which specialisation has brought about. We may em- 
phusise again the fact that the peripheral optic nerve 
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macular region. This part is specially well supplied. 
The fibres pass into the outer part of the nerve, where 
they are spread over an area which is triangular in 
section, with the apex towards the centre of the nerve 
(Fig. 58). These papillo-macular fires soon become more 
centrally situated, so that in the posterior part of the 
nerve they are all in the centre. Tracing them still 
farther backwards some decussate in the chiasma, whilst 
others enter the optic tract of the same side. They 
spread out widely in the two tracts and in the lateral 
geniculate bodies. The axons of their corresponding 
neurons of the third order are also widely distributed in 
the optic radiations and end in the lips of the calcarine 
fissure of the occipital lobe, probably along its whole 
length. We see then that each macular region is repre- 
sented in each occipital lobe, so that no lesion confined 
to one occipital lobe will abolish central vision in either 
retina. 

The fibres from peripheral regions of the retina, on 
the other hand, form two distinct groups, corresponding 
with the temporal and nasal halves of the retina. The 

s Very exact, as if a vertical line divided the 
retina into two halves at the level of the fovea; since 
the foveal fibres have a different distribution the line 
makes a little curve round it so as to avoid it (Fig. 57). 
The fibres from the temporal half of the retina enter 
the chiasma but do not decussate; they pass into the 
optic tract of the same side. Thence they run to the 
lateral geniculate body. and a few to the thalamus and 
superior colliculus. ‘The fibres from the nasal half of the 
retina enter the chi . decussate. and pass into the 
optic tract of the opposite side, having a similar distribu 
tion on the other side. The corresponding neurons of 
the third order pass by the optic radiations to the cor- 
lobes. We see, therefore, that a 
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lesion of one occipital lobe or optic tract will cause blind- 
ness of the temporal half of the retina on the same side 
and of the nasal half of the retina on the opposite side. 
Projecting this outwards such a lesion will cause loss of 
vision in the opposite half of the binocular field of vision, 
a condition which is known as hemianopia (hemiopia, 
hemianopsia). We may recall the fact that the afferent 
pupil-constrictor fibres have a similar semi-decussation in 
the chiasma. 

The visual fibres in the optic radiations maintain a 
posterior position in common with the sensory fibres 
from the rest of the body, being thus situated behind the 
motor fibres in the internal capsule. ‘They are close to the 
posterior cornu of the lateral ventricle, so that they are 
liable to pressure here when the ventricle is distended. 

The occipital cortex in and about the calcarine fissure 
differs from the cortex elsewhere in the possession of a 
white line, the line of Gennari, interpolated in the grey 
matter. This area, which is the primary visual or visuo- 
sensory area (Fig. 59), is the cortical projection of the 
corresponding halves of both retine. In this projection 
the part above the calearine fissure represents the upper 
corresponding quadrants, the part below the lower 
corresponding quadrants of both retine. 

It may be mentioned that there are efferent fibres in 
the optic nerves. They are axons of cells in the lateral 
geniculate body. Their function is unknown, but they 
are probably concerned in the movements of the pigment 
epithelium and of the cones; possibly also in the 
chemical changes in the visual purple. 
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must be employed to examine the deeper parts of th 
eye. Finally, we shall map out routine of systemat 
examination. 

In the patients who belong to our first group we she 
at once be confronted with visible signs of disease. W 
shall not consider in this place gross signs such as marke 
protrusion or proptosis, great deviations of the optic ax: 
from the normal parallelism, &e. These will be mo 
conveniently investigated in their special relations. W 
shall confine ourselves to conditions affecting the glol 
itself. 

‘The Conjunctiva.—In the normal position of the li 
only that part of the bulbar conjunctiva which is expos 
in the palpebral aperture, together with parts of tl 
intermarginal strip along the edges of the lids, is visib] 
In order thoroughly to investigate the whole co: 
junctival sac it is necessary to expose the palpebr 
conjunctiva and the fornices. 

The lower fornix is easily exposed by drawing down tl 
lower lid whilst the patient looks towards the ceiling. 

‘The upper palpebral conjunctiva is exposed by evertir 
the upper lid. 

Eversion of the upper lid requires some practic 
(1) The best, and often the easiest, method is as follow 
Stand facing the patient. Place the right index fing: 
horizontally along the upper lid whilst the patient lool 
towards his feet. Draw the skin of the lid outward: 
this causes the inner part of the edge of the lid to con 
forwards, whilst at the same time the pressure of tl 
finger affords a fixed point around which the lid ca 
revolve in » vertical direction. Insinuate the rig] 
thumb under the projecting edge of the lid, and roll tl 
lid upwards towards the index finger. The left lid 
everted in the same munner, using the left hand. 

This method is very easy when the eyes are prominen 
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Having everted the upper lid we can examine the 
palpebral conjunctiva, but we are still unable to see the 
upper fornix. ‘This can usually be effected in adults by 
the following manceuvre (1) With the lid still everted 
hy the first method it is fixed in that position by the left 
thumb placed upon its margin at about the middle. The 
right thumb or finger is placed in the middle of the lower 
lid. Firm, stendy pressure is then made through the 
lower lid upon the globe in a direction straight back- 
wards, as if to push the globe into the orbit. In the 
meantime firm pressure is also exerted backwards upon 
the upper lid with the left thumb. The fornix will gener- 
ally start forwards suddenly, but only if the patient 
keeps looking well down towards his feet all the time. 

This method, though unpleasant, is not painful. The 
only other method of exploring the upper fornix is more 
effectual, but also painful. The eye should therefore be 
well cocainised. 

(2) The upper lid is everted in the usual manner. A 
retractor is then inserted under the everted lid into the 
fornix. The margin of the lid being fixed’as in (1), the 
lid is everted a second time, so that the fornix is fully 
exposed. Sometimes it is necessary to grasp the everted 
lid with forceps and thus evert it a second time. 

By these manceuvres the conjunctival sac can be 
thoroughly explored. Special attention must be paid to 
the favourite sites for foreign bodies and manifestations 
of disease, e.g., foreign bodies often lodge on the palpebral 
conjunctiva about 2mm. from the margin at about the 
middle of the lid ; trachoma follicles are most marked in 
the upper fornix; scarring from old trachoma is most 
marked in the palpebral conjunctiva, &c. Adhesions 
between the palpebral and ocular conjunctiva and 
obliteration of either fornix cannot fail to be noticed. 
Inflammatory conditions ean be thoroughly examined ; 
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fre seen in health as several comparatively large tortuous 
vessels which suddenly cease about 2 to 4 mim. from 
the corneal margin. They baye very numerous mall 
rue which are invisible in health, but 
w il form a pink xone of fino, straight, ve 
closely set vessels around the cornea. The ting 
perforating veins are very small, but more numerous 
than the arteries; their episcloral branches form a 
closely-meshed network. 

Congestion of the individual groups of vessels affords 
important evidence as to the seat of the mischief. The — 





Fro. 62. — Ciliary congestion — 


‘engorgemont of episcleral tw 
SF the entector. ciliary arteries scleral venons plexns, ‘ater | 
(Alter Dalrymple.) Dalrymple.) | 


conjunctival vessels ean be distinguished from the 
anterior ciliary by the following points: (1) they are a 
brighter brick-red, the ciliary vessels being seen through 
the conjunctiva, which imparts a violet tinge; (2) if the 
conjunctiva is moved to and fro over the sclerotic by the 
finger placed on the lower lid the conjunctival vessels 
also move, Whilet the ciliary remain stationary; @) the 
individual vessels and the network they form can be seen 
in the conjunctival system, whereas the ciliary form for 
the most part a diffuse reddish violet blush in which the 
separate vessels are indistinguishable; (4) if the 
pressed out of the vessels the ciliary fl ap al 
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Lacrymal Apparatus.—Conjunctival congestion of one 
eye only, or signs of irritation such as watering, should 
lead us to suspect the efficiency of the lacrymal apparatus. 
Simple epiphora or flow of tears on to the cheek may be 
due to blocking of one or both puncta or to their 
malposition, or to blockage elsewhere in the canaliculi or 
nasal duct. Displacement of the lower punctum may be 
easily overlooked. The puncta are not visible normally 
without slightly everting the lids. Displacement is often 
very slight, due to slackness of the lid causing a little 
rolling out or ectropion, especially in old people. In 
spasm of the orbicularis the lid may be rolled in too much 
(entropion) ; this may also cause epiphora. Sometimes 
with more conjunctival inflammation, but often without, 
there is distension and chronic inflammation of the 
lacrymal sac. In all such cases we carefully observe 
the exact position of the puncta, whether they are in 
apposition to the bulbar conjunctiva as they should 
be, and also whether there is any regurgitation from the 
lacrymal sac when it is pressed upon. The lacrymal sac 
is situated in the lacrymal fossa between the inner 
canthus and the nose: the fundus extends slightly above 
the level of the inner palpebral ligament, which is on a 
line with the canthus. Pressure inwards and backwards 
in this position will press upon the sac. If there is any 
obstruction to the flow of the contents into the nose by 
the nasal duct, as is usually the case when the sac is 
inflamed, the contents will usually regurgitate into the 
conjunetival sac by way of the canaliculi, and will be seen 
pouring from the puncta. We note whether the contents 
are tears, mucus, or muco-pus. 

Without describing special methods of ascertaining if 
the lacrymal passages are patent (Chap. XXX,), a simple 
test may be mentioned. A drop of fluorescein solution 
is placed in the conjunctival sac and the patient is told 
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first examine its surface. Any loss of substance, such as 
an abrasion, may easily be overlooked without special 
care. The condition of irritation and lacrymation will 
often put us on the track, but these features may be so 
slight as to pass unnoticed. The following methods 
should be adopted : 

(1) Place the patient facing the window. Stand in 
front and direct the patient to follow the index finger, 
which is held horizontal and moved slowly up and down. 
The finger is then held vertical and moved from side to 
side. Whilst these mancuvres are being carried out the 
image of the window or corneal reflex, as it is called, is 
carefully watched. If the surface of the cornea is normal 
there will be no distortion of the reflex as it passes over 
it. If there is an abrasion the image will be distorted 
here, and will be less clearly defined. This method 
should always be resorted to first, as it is good practice 
in observation and needs no artificial aid such as may 
not be available under some circumstances. 

(2) If (1) gives uncertain results or fails, instil a drop 
of fluorescein solution (2 per cent.). ‘This is best done 
by telling the patient to look towards his feet; the con- 
junctiva above the cornea is then lightly touched with 
the tip of a glass rod which has been dipped in the 
solution. A pad of cotton wool is immediately placed 
upon the closed lids so as to mop up the excess and the 
tears which tend to flow over the face. If this detail is 
not attended to the face becomes stained unnecessarily. 
It is a good plan to wash out the excess of fluorescein 
with a drop of cocain solution, but this is not essential. 
Any spot on the surface of the cornea which is denuded 
of epithelium will stain green. 

A bundle of dilated conjunctival vessels near the 
limbus will often mark the site of a foreign body upon 
the cornea. 
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Opacities of the cornea may be so faint that they 
require very minute investigation, and the same is true 
of the details—depth, &c.—of gross opacities. We can 
study them best by focal or oblique illumination. 

Focal or oblique illumination is carried out as follows 





fe 


Fig. 64.—Focal or oblique illumination. The diagram shows bow 
the focus of the light may be altered by slightly shifting the 
porition of the concentrating lens. 


(Fig. 64): The patient is placed, preferably in the 
dark room, with a light about two feet in front but slightly 
to one side. The light is concentrated upon the cornea 
by a strong convex lens (the large lens in the ophthal- 
moecope case). The rays of light are brought to a focus 
by the lens. The cornea or other superficial structures 
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can thus be examined under the intense light of the 
converging rays. The position of the minute image of 
the light formed by the lens can be moved over the sur- 
face of the cornea by slight lateral movements of the 
lens without altering the position of the light. Similarly 
the light may be focused upon the iris or crystalline lens 
by moving the lens slightly nearer to the eye. 

Having thus brilliantly illuminated the part of the 
cornea which we wish to investigate, we may magnify 
the spot by looking through a very strong convex lens or 
corneal loupe held in the other hand. The management 
of the two lenses requires a little practice, but is easily 
mastered. A few words of explanation about the corneal 
loupe will help us to employ it to best advantage. 

‘When we magnify a small object with a strong convex 
lens we place it within the focal distance of the lens and 
view it through the lens. We know that under these 
conditions the lens forms an enlarged image upon the 
same side as the object, but farther away (vide p. 34, 
Fig. 21). In order that we may see the image to best 
advantage we must see as much of it as possible, and we 
must see it under the largest possible visual angle. The 
first requisite demands that the observer's eye shall be 
as close to the lens as possible. The second requisite 
depends upon the relative distances of the object and 
the eye from the lens; in practice these are found by 
slight movements of the lens. 

In employing focal illumination, then, first focus the 
light upon the required spot. ‘Chen place the corneal 
loupe near the spot and look through it. Slowly advance 
the loupe towards the cornea until the spot comes into 
focus. Then get the eye as close to the loupe as possible. 
In this manner we shall see all there is to be seen. 

By moving the light and the loupe slowly over the 
whole surface of the cornea we can thoroughly explore it. 








fone there is little or no fear of perforation woe 
“rio. 6 — Ay dispense with retractors. Tt has been 
toed pointed out that in children an attempt 
torn“ to separate the lids when there is much 
blepharospasm is usually followed by eversion 
of both Lids, the cornea still remaining hidden, The way to 
overcome this difficulty is to place the two thumbe close 
to the edges of the lids and to press gently but firmly 
upon the globe as the lids are drawn apart. In this 
manner they are separated without becoming averted, but 
we must be extremely careful not to exert undue pressure 
and not to Louch the cornea with the thumb nails 














Fic. 67.—Diagrams of superficial corneal vewels, A, general 
vascularization ; B, a single leash of vessels, ax lar 
aleer (ride p. 249); C, localised vascularisation, av in tracho- 

¢ ). 
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Tn many diseases new vessels are formed in the cornea. 
An exact knowledge of their position, whether superficial 
or deep, and of their distribution, whether localised, 
general, peripheral, above, &c., will often settle a disputed 
point in diagnosis. 

Superficial vessels (Fig. 67) in the cornea are distin- 
guished from deep (Fig. 68) by the following features: 
(1) superficial vessels can be traced over the limbus 
into the conjunctiva, whilst deep ones seem to come 
to an abrupt end at the 
limbus; (2) superficial 
vessels are bright red and 
well defined, whilst deep 
ones are ill defined, 
greyish red, or cause 
only a diffuse red blush; 
(3) superficial vessels 
branch in an arborescent 
fashion, dichotomously, 
whilst deep ones run more 
or less parallel to each 
Fiq. 68.—Diagram of deep comeal other in a general radial 

Miele p oe Fe direction, and branch at 

very acute angles, like a 
besom ; (4) superficial vessels may raise the epithelium 
over them so that the surface of the cornea is uneven, 
whilst with deep ones the cornea, though hazy, is 
smooth. 

The Anterior Chamber.—The anterior chamber is 
shallow in extreme youth and in old age; at other 
periods of life it is about 2°5 mm. deep normally. It 
must be remembered that we estimate the depth of 
the anterior chamber by the position of the iris, and 
that we view the iris through the cornea, which is a 
strongly refracting convex surface. ‘The effect of this 
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common. Care must be taken to distinguish them from 
small tumours of the same colour or white (sarcoma, 
tubercle, gumma). ‘“ Muddiness” of the iris is the 
expression used for indistinctness of the pattern, caused 
by inflammatory exudates. A muddy iris, with small 
irregular pupil and sluggish reaction to light, is 
indicative of iritis. 

The position of the iris must be noted, especially the plane 
in which it lies (ride pp. 291, 800, 814). Special attention 
should be paid to any adhesions, anterior—to the cornea, 
or posterior—to the lens capsule (synechiw). ‘Tremulous- 
ness of the iris (iridodonesis) is seen when the eyes are 
moved rapidly if the iris is not properly supported by 
the lens, e.g., in absence, shrinkage, or dislocation of the 
lens, slackness of the suspensory ligament, &¢. It is 
best seen in a dark room with oblique illumination. 

The Pupils.—A point which should be examined at 
an early stage in every routine examination of the eyes 
is the condition of the pupils. This is the more impor- 
tant since the routine examination frequently demands 
the use of a mydriatic, and if the pupils have not 
previously been noted it may be necessary to require 
the attendance of the patient on another occasion when 
the effect of the mydriatic has passed off. 

The examination of the pupils requires careful atten- 
tion to details if trustworthy results are to be obtained. 
It is best carried out as follows : 

Place the patient facing the light, which should not 
be too bright; see that the two pupils are equally 
illuminated. Note the size of each pupil. Cover both 
eyes with the palms of the hands, preferably without 
touching the face. Tell the patient to look straight at 
you. Remove one hand and watch the pupil. Replace 
this hand and remove the other, watching the other 
pupil. Note down and compare the results (direct 
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fection to light). Remove one hand so that this eye 
4 ospesod to light (it should bo shaded from intense 
fight). Wateh this pupil aa the hand is removed from 
the other eye. Repeat the process whilet watching the 
other pupil (consensual reaction to light). 
Now tell the patient to look quite across the room, as 
far off us possible. Suddenly hold up the index finger 
vertically at about six inches from the patient's nose, 
and tell the patient to look at it. Watch the pupils 
whilst he accommodates for the finger (reaction to 
accommodation), 

When the reaction to light is feeble and the pupils are 
already small, it is difficult to be certain of the results in 
bright diffuse daylight, the corneal reflexes adding to the 
difficulty. In such casos the pationt should be taken 
into the dark room and the light concentrated upon one 
pupil by focal iMuminuation. By « slight lateral move- 
ment of the convex lens (ride p. 101) the focus of light 
ean be moved on or off the pupil, the pupillary move- 
ments being watched the while. If there is no movement 
‘ander these conditions we may conclude that the reaction 
to light is absent. 

At is better not to use the ophthalmoscope mirror in 
this procedure, ax the patient is very likely to look at it, 
and 4 reaction to accommodation may be mistaken for 

‘ope to light. Note very carefully if the constriction of 

‘the pupil to light is well maintained (vide p. 400), 

Tho samo mothod will olicit tho kemianopic pupil reaction 

| in the rire caves (lesion of one optic tract) in 
it is present. To test for this, the light is placed 

but rather to one side of the patient. The 
focused with the lens upon the opposite side of 
dina, and the pupil watched. The light is then 
other side and the light ix now focused on 
of the retina. If the reaction is present 
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| 
the pupil will react briskly when one balf of the retin | 
is illuminated, but very slightly or not at all when the 
other half is illuminated. It usually reacts slightly even _ 
in the latter ease, owing to the impossibility of preventing — 
diffusion of light on to the sensitive half of the retina. 

When the pupils are small to start with (“spinal 
miosis), do not react to light, but react to accommoda- 
tion, the condition is known as the Argyll-Robertson pupil. 
‘It oceurs most commonly in tabes, but is also found in 
other syphilitic diseases of the central nervous system 
(e.g, general paralysis), &e. 

If the above directions are carried out we shall have 
reliable information as to the shape and relative size of 
the pupils and their reactions, A few of the commoner 
conditions may be enumerated here. 

Very large pupils will suggest that a mydriatic has 
been used. It is not uncommon for it to have been used 
inadvertently. We not infrequently seo a patient with 
the right pupil widely dilated, complaining of dimness 
of vision, Inquiry will often elicit the fact that he has 
been using a liniment for rheumatism. The explana- 
tion is that the liniment contained belladonna and that 
after using it with his right hand he rubbed hig right 
eye with the soiled fingers. Often patients use ointment 
or drops preseribed for other patients. We must always 
be on our guard against such traps. These pupils are 
usually quite immobile, and the patient complains of 
dimness of vision, especially in near work. 

The pupil is also large and immobile in complete 
atrophy of the optic nerve: this may be due to absolute 
glaucoma, In acute glaucoma it is usually large, immo- 
bile, and oval with the long axis vertical; the condition 
is generally unilateral, Lf only one eye is blind this 
pupil is rather larger than its fellow as a rule, but the 
consensual reaction from light on the sound eye is much 
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Diletexion of the pupils with retained mobility is found 
sot Eimes in tayopia and in conditions of impaired nerve 
ton®, ¢y., anwmia. Dilatation as a reflex to painful 
iwPtessons has already been mentioned. Unilateral 
WXtation may result from irritation of the cervical 
Sstipathetic, but is rare from this cause. Temporary 
iilwtstion of one pupil is not very uncommon. Uni- 
‘Weeral dilatation with immobility may follow a blow 
(Chap. XX) 

‘The pupils are small in babies and in old people. 
When the pupils are small, as under bright light, the 
mation to the centre of the cornea can be best seen: the 
eoatre of the pupil ix usually a little to the nasal side of 
the centre of the cornea. Small pupils are rarely per- 
fectly round. A small immobile pupil should make us 
suspect old iritis with posterior synechi®, and should 
lead to invostigation with o mydriatico—homatropin for 
diagnostic purposes—to soo if the pupil dilates roga- 
farly. Bilateral small immobile pupils make us suspect 
disease of the central nervous system (¢.g., pontine 
hemorrhage) : farther examination may show that the 
immobility is confined to reaction to light (cide p, 110). 
‘A small sluggish pupil, with muddinexs of the iris, ix 
sociated with iritis, which may be primary or secondary 
tw corneal trouble, 

Very small immobile pupils suggest the use of drags, 
‘either locally, e.g., eserin, or throagh the general system, 
tte i 

‘The chief causes of inequality of the pupils have 
sirendy been mentioned incidentally. As indicative of 
“emitral nervous disease it is found in genoral paralysis. 
We tumst note enrefully the nature of the contraction 
the pupil reacts to light, and especially if the 
is woll maintained (ride p. 400). 
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The Lens.—The lens cannot be thoroughly examined 
without the assistance of the ophthalmoscope. By 
inspection, aided if necessary by focal illumination, we 
note any opacities in the pupillary area. ‘The pupil 
may be blocked with iritic exudates (inflammatory 
pupillary membrane, blocked pupil). 

Opacities in the lens itself are seen by oblique 
illumination as white or yellowish patches. According 
to their distribution and nature we diagnose the various 
forms of cataract, but our observations must always be 
confirmed and controlled by ophthalmoscopic examina- 
tion. The following example will show how easily we 
may be led astray. When the light is concentrated by 
focal illumination upon the pupil of a young person's 
eye the lens substance seems almost perfectly clear; at 
most we see a faint bluish haze. If we examine the lens 
of an old person in the same manner the haze is much 
more pronounced; the lens substance in fact looks 
slixhtly milky. We might conclude that the patient has 
cataract. Examination with the ophthalmoscope will, 
however, show a perfectly clear red reflex. ‘The explana- 
tion is that the lense substance becomes more optically 
dense, ic., the refractive index increases as the person 
grows older. Now the higher the refractive index of a 
substance the greater will be the reflection from its 
surface. The milkiness which we see is due to rays of 
light which are reflected from the lens and enter our 
eyes. The more rays reflected the more will the lens 
appear milky. 

If, however, the white appearance is very pronounced, 
and especially if it is strictly localised to certain parts of 
the lens substance, we may safely diagnose cataract. A 
spot in the centre of the pupil, looking as if it were on 
the surface of the lens, may be a pupillary exudate or an 
anterior polar cataract, Triangular spokes of opacity 
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with their apicos towards the centre are indicative of 
S@txile cataract. A very white appearance over the whole 
P©xpillary area suggests n total cataract; if it is yellow 
**aqi the iris is tremulous we suspect a shrunken 
© Lareoux lens. 

“Tho Tension.—Last in the external examination, but 

Sexy no means of least importance, we test the tension of 
eye. his is done in the same manner as testing 
Sco factuation in other parts of the body. 

Stind fxcing the patient, who is told to keep looking 
Nowards his feet. Place the index fingers of both hands 
‘wile by side upon the upper lid, steadying them by the 
ther fingers lightly applied to the brow. Keep one 
Ginger quite still, pressing upon the globe through the 
lid. Now attempt gently to indent the globe with the 
other finger, pressing directly downwards, concentrating 
the attention meanwhile on the impression which is 
conveyed to the stationary finger. Repeat the process 
on the other eye. 

The student should practice this mancuvre on a 
umber of healthy eyes, He will thus obtain a mental 
estimate of what is to be considered normal tension— 
To. In absolute glaucoma the eye is usually stony 
hard; this condition is gonerally indicated by the eon- 
sention T + 3, « misuse of nambers, but one incommon 
Hee The gradations of increased tension from Tn to 
T+ are usually indicated by the conventions T full 
T+), T+1,1+2 Similarly the gradations of 
Wimihished tension are represented by T minus (T —). 
T—1,T—2, T—3. the convention T? should never 
Deemployed: it is merely the expression of the surgeon's 
" lhek of confidence in his own powers of observation. 





CHAPTER VII. 
OPHTHALMOSCOPIC EXAMINATION. 


Tax internal parts of the eye beyond the lens cannot 
be seen without the assistance of the ophthalmoscope. 
A little consideration of the optical conditions of the eye 
will explain why this is so. 

Under ordinary circumstances the pupil looks black, 
and no red reflex, much less a clear image, is obtained 


L 





Fic. 69. 


from the fundus. If, as in Fig. 69, there is a source of 
light, L, in front of the eye, and the eye is focused upon 
it or accommodated for it, the light and a spot upon the 
retina are conjugate foci; i.e., the image of the spot of 
light is a spot on the retina. Reversing the direction of 
the rays, all rays from the illuminated spot of the retina 
are brought to a focus at the source of light. Therefore 
no rays will enter an observing eye unless it is situated 
actually at the source of light. The problem solved by 
yon Helmholtz when he discovered the ophthalmoscope 
(1851) was practically this of making the observing eye 
at the same time the source of illumination of the 
observed fundus. 

If the eye is not focused for the source of light the 
conditions are different, and some slight luminosity of 
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the pupil may be seon. This is one cause of luminosity 
in the pupils of the hypermetropic eyes of young children 
and tuost carnivora. Extreme hypornotropia is also 
| the Cause of the so-called amaurotic cat's eye which is 
duv to detachment of the retina, glioma of the retina, &e. 
Th these cases the rotina is pushed forwards and the 
funius at this spot becomes highly hypermetropic, the 
telex from the pupil being often the first symptom 
noticed. The same principle applies to the reflex from 
the eye after the lens has beon removed by extraction of 
otaract. 
Tn hypermetropia the conjugate focus of the source of 


> 


HE 


Fra. 70. 















1, is u point, I, behind the retina (Fig. 70). Hence 
emengent rays from the illuminated area of the 
fundus are divergent. as if coming from i, Therefore 
an observing eye situated anywhere within the ares 

1, of the cone of emergent rays will catch some of 

aa, and the pupil of the observed eye will appear feebly 
i . Under these circumstances it is not 
for tho observing ye to occupy the exact 
‘Position of the source of light, bat only a spot in its 
‘Hmediate neighbourhood. On the same principle, the 
hypermetropic retina in glioma retine, &e., 
woll by focal illumination. 
“high myopia the emergent rays are strongly 
i, and become divergent after coming to « 
8—2 
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focus at the remote point (Fig. 34). Beyond this point 
some of the divergent rays may enter an observing 
eye suitably situated and the observed pupil appears 
illuminated. 

‘The luminosity of albinos’ eyes is due to light entering 
the eye, not only through the pupil, but also through the 
iris and sclerotic. hat this is the true explanation is 
shown by the fact the pupil looks black if it is observed 


0, 0, 








1.—Diagram of yon Helmholtz’ ophthalmoscope. Oy, observed 
yes Os observer's eye: Ly wource of light; J image of I. formed by 
the plane mirror—immediate source of light; ME H, relative positions 
of retina in myopia, emmetropia, and hypermetropia respectively, 
showing the relative sizes of the areas of retina illuminated in each 
case. 





through a small hole in an opaque screen. A small 
amount of light passes through the sclerotic in the 
normal eye. 

It will help us to understand the principles of the 
ophthalmoscope if we say a few words about its 
historical development. ‘I'he original ophthalmoscope of 
von Helmholtz was merely a plane plate of glass (Fig. 71). 
A source of light was placed beside the observed eye 
and the glass plate obliquely in front of it, so that a 
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Portion of tho light was rotlected from the surface of the 
into the eye. On looking through the transparent 
an observer could now receive some of the rays 

from the fundus into his own eyo, and thus obtain an 

Tage of the illuminated fundus. Since but a small 

‘Proportion of the light received upon the plate is reflected 

‘Mt its surface the illumination is feeble. Nevertheless, 

the principle ix worth hearing in mind as a ready moans 
Of getting a view of a fandus in the absence of a more 

‘atisfuctory ophthalmoscope. Moreover, an error of 

refraction in the observed eye may be obviated by using 

the corresponding spectacle glass of the patient ax the 
pic mirror. 

Yon Helmholtz next increased the amount of light 
reflected by superposing three plane plates. The back 
‘of the glass was next converted into a more poworful 
itror by silvering it, leaving 4 small portion unsilvered, 
or leaving a hole in the mirror, through which the 
observer might look. ‘The illumination was still feeblo, 
sinee the rays reflected by a plane mirror are divergent 
(ride p. 27). Raoto therefore (1852) introduced the 

coneave mirror which still holds the field. 

The fix! modification was the addition of a battery 

of small lenses of various strengths, which might be 

Trought into position behind the aporture, ‘The multi- 

tadinows forms of “refraction ophthalmoscopes” are 

merely various mechanical contrivances for doing this 

‘most conveniently.” 

| “Where are two chief miothods of ophthalmoscopic 

éxamitation, the direct method (v. Helmholtz, 1851) and 





© The stufont is uivised to procure a good ophthalmosope at 
Of his clinies! work in the mediosl wants cheaper 
fire thot oaly wusts of money, bat aro a perpetual source 
Tho modification of Couper's ophthalmossope, 
known a# Morton's, yet etrongly recommondod, 













ez 





120 DISEASES OF THE EYE. 


in front of the eye. He will be wise not to hold the 
Jens absolutely vertical, but to tilt it a very little. He 
will probably see only the magnified iris through the 
lens. He now watches the pupillary reflex, and slowly 
a certain point he will see an inverted image of the 
fundus quite clearly. The indirect method requires also 
some practice, bat the amount required may be much 
diminished and much greater accuracy attained if the 
optical conditions under which the examination is made 
are thoroughly understood. These will be explained 
immediately, » 

Having obtained a good general view of the fundua, 
the observer again approaches the patient, He now 
uses the small tilted mirror of the ophthalmoseope. The 
mirror is tilted so that it faces towards the light. Look- 
ing through the sight-hole he first gate the light upon 
the eye; this is best effected from a short distance away. 
When the light is well on the pupil and the observer can 
see the red reflex he approaches slowly nearer and nearer, 
watching that the light does not leave the pupil, until 
his brow is almost or quite touching the patient's brow. 
Tf now both the patient and the observer are ommetropic, 
‘the inexperienced observer will probably see the details 
of the fundus only indistinctly, He should then tarn 
up with his index finger applied to the milled dise on 
the back of the ophthalmoscope successively stronger 
concave glasses (usually marked with white numerals). 
‘He will then probably eee the fandus quite clearly. The 
image is ereet, i.c., the opposite of that by the indirect 
method, Here again practice is needed, and a knowledge 
of the optical conditions is quite essential. 

We will now consider the chief features whieh are 
to be learnt in each stage of the examination, and how 
they are to be learnt. 
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fF 1. Preliminary Examination with the Mirror at 1 
Metro. —We will suppose that the observer is emmetropic, 
or that his refraction has been corrected, and that the 
accommodation of the observed eye is at rest or paralysod, 
In examining the right eye the pationt is told to look at 
the observor's right little finger which ix held up; this 
iw easily done whilst holding the ophthalmoscope. In 
examining the Jeft eye the patient is told to look at the 
observer's left ear. In this manner the optic dise, which 
lies » little to the nasal side of the posterior pole of the 
eye is brought into the observer's line of vision. When 
the optic disc is opposite the pupil we shall notice from 
a distance of 1 metre that the red reflex becomes much 
paler or even whitish. 

Af the eye is highly hypermetropic or myopic we shall 

‘see sore details of the fandus, c.g., a few vessels running 

‘across the reflex. ‘The explanation is casy from what we 
have already learnt. 

Consider first the hypermetrupic eye. If we think of 
two spots on the retina, say at opposite edges of the 
diso, the rays reflected from these points will form two 
bundles of divergent mys when they leave the eye, just as 
if they came from the corresponding virtual remote points 
behind the eye (Fig. 72). The greater the distance from 
the eye, the greater will be the area over which these 
divergent rays will spread, so that at 1 metre some of 
the peripheral rays of each pencil will enter the observer's 
eye. By a slight effort of accommodation the observer 
‘Will bw able to bring these divergent rays to a focus on 
is retina, 20 that he will obtain a clear image of each 
point, and necessarily also of tho intervening region. It 
Ts exdotly ax if the eye wore taken away and tho two 
p ‘were situated at the remote points. Hence the 
will be erect. 

1@ Observer now shifts a little to one side, the 
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observed eye remaining stationary, more rays will enter 
his eye from the neighbourhood of the opposite point, 
and less from the neighbourhood of the point on the 
same side as that to which his movement is directed. 
Although the points remain stationary, more of the 
fundus on the opposite side, and less of the fundus on 
the same side will be seen. Hence the points will seem 
to move in the same direction as his own movement. 
The observer mentally regards the very sharp outline 
of the pupil as a fixed object of comparison, and as 
more of the fundus on the opposite side comes into 





Fic, 72,—Examination with the mirror at 1 metre. Qj, observed eye, 
which is hypermetropic : Os, observer's eye, emmetropie, but accom: 
modated for the divergent raya from 0}. 


view, whilst a corresponding amount on the same side 
disappears, this is mentally interpreted as a movement 
of the image in the same direction. 

If, therefore, when the light is reflected into the eye 
at a metre distance we see vessels in the pupillary reflex, 
and if they appear to move in the same direction when 
we move the head slightly to one side, we conclude that 
the eye is hypermetropic. 

Consider now the myopic eye (Fig.73). Here the emitted 
rays from the two points will be strongly convergent in each 
case, and a real inverted image of the points and inter- 
vening area will be formed at the remote poiut of the eye, 
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4, between the observer and the observed eye. The 
rays will diverge from this image, und the effect will be 


object in this position. If the myopia is sufficiently high, 
fhe Gmage will be beyond the observer's near point, so 
that the will be able to accommodate for it. If he moves 


{6 Ome side he will see more of the observed fundus on 
th same side and correspondingly less on the opposite 





Vinca Resection with the itr at 1 met Ox otprvad ore 
meyopios rere eye, euustropic, but moeom: 
SMES aa alocteant cars trom the tor point of Cr 


‘side, 30 that the fundus will appear to have moved in the 
‘opposite direetion. 

If, therefore, whon the light ix retlected into the eye at 
& metre distance we see vessels in the pupillary reflex, 
and if thoy appear to move in the opposite direction 
when we move the head eae to one side, we conclude 










74) or low myopia, 
for the offect will be similar? Here the rays passing out 
1H ths eye from the two points will be parallel or vory 


wel 
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slightly convergent, and their direction will be that of 
their axes, which is the continuation of the lines joining 
the points with the nodal point of the eye. As these 
axes constantly diverge from one another, the observer 
at a distance of 1 metre cannot receive portions of both 
pencils of rays upon his own pupil, consequently he 
cannot obtain a clear image of the whole intermediate 
region between the spots. He may get a clear image 
from two spots very close together, but only if his accom- 
modation is almost completely suspended, so that nearly 
parallel rays are brought to a focus upon his retina, 


Fre. 74.—Examination with the mirror at 1 metre. 0), observed 
is emmetropic ; Og, observer's eye : none of the rays 
from the widely distant points on the fundus of Q, enter 03. If 
the points are close together the rays of the two bundles will be 
nearly parallel, anid would form a clear image on the retina of Og 
if the accommodation of Og were almost completely in abeyance. 








The same reasoning applies to low hypermetropia, for 
here the remote point of the eye is so far behind the 
retina that the rays diverge very little when they leave 
the eye, so that they are almost parallel. 

If, therefore, when the light is reflected into the eye at 
8 distance of a metre we see only a red reflex in the pupil, 
without any details, we conclude that the eye is either 
emmetropic or has only a low degree of ametropia. 

A still simpler means of discovering the condition of 
the refraction is as follows. Still throwing the light into 
the eye with the large concave mirror we tilt it gently in 
various directions. We shall see a shadow move across 
the pupil ; if the shadow is very dark there is considerable 
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eoor frifraction, If it moves in the opposite direction 
to that in whieh we move the mirror the eye is hyper- 
uettopic; if in the same direction it is myopic, This 
method is used for correcting refraction, and we shall 
omsider it in detail later (see Retinoseopy). 

IL Preliminary Examination with the Mirror at the 
eonveniont distance for near vision (22 cm.).—At this 
ditence the observer will be most suitably situated for 
‘Gitinegs unaided vision, and he will be able to examine 
te auperficial parts of the eye more accurately. If he is 
Jesbyopic he will naturally have to correct his presbyopia, 
sul he may have to do 60 if he ix strongly hypermetropic. 
Ihe is very myopic he will have to approach closer. 

The advantages of a preliminary examination in this 
manner are (1) the recognition of opacities in the refrac- 
tive media; (2) the recognition of a detached retinn or 
other substance not far behind the lens; (8) the 
confirmation of the results found by the external 





| (1) The diagnosis of opacities in the refractive media.—It 
the eye is normal there will be a red reflex from the 
popil. If there is any opaque body in the course of the 
tays reflected from the fundus it will stop these rays and 
will therefore appear black. The whole field may be 
black, ux when the lens is entirely opaque, or when the 
Vitreous is filled with blood. In the latter case oblique 
Marsination will show the red blood behind the trans- 







gives the key to their nature. 
"Whe first point to determine is whether the opacity is 
‘This is done by telling the patient to move his 

t directions towards the ceiling, towards 


| 
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the floor, to the right, to the left—and then to look 
straight forward. A floating opacity will then continue 
to move after the eye is brought to rest, Tt must there- 
fore be either in the uqueous or vitreous. Tn the former 
position it can be seen and diagnosed by other methods. 
If it is in the vitreous and is freely movable we also 
learn that the vitreous is fluid, which is not its normal 
consistency, If the opacity moves only with the eye it 
may be in the cornea, lons, or vitreous, which, under 
these circumstances, will have ite usual yiseous 
consiatency. 

The next point is to determine its exact position. 
This is effected in the preliminary examination with the 
mirror alone by parailuctie displacement, 

In Fig. 75, if d is the centre of rotation of the eye, 
and if there are opacities at 1, 2, 3,4, 5, then, when 
the eye is rotated a small umount, the opacities, 1, 2 
and 8, in front of the centre of rotation will move 
in the direction of rotation, and 5, behind the centre, 
will move in the opposite direction, whilst 4, at 
the centre, will not move. It is obvious that 
the amount of movement will bo greater the farther 
the opacity is from the centre of rotation. Now, 
we have no means of defining the centre of rotation by 
ophthalmoscopie examination, but all the movements 
will be referred to the edge of the pupil for comparison 
(vide p. 122). If the observer is situated at A, all the 
opacities will appear as a single spot in the centre of the 
pupillary reflex, Tf he shifts his povition to B, or if the 
eye is rotated a corresponding amount in the opposite 
direction, the opacity 2 will remain in the centre of the 
pupil, whilst 1 will move towards oue edge of the pupil, 
and 8,4 and 6 towards the opposite edge, 6 being lost 
ontirely behind the iris, 

Henee we deduce the rule that if the eye is moved 


a 


a 
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‘Therefore, in Fig. 75, in the first position of the eye, 
the opacities 1, 2, 8, 4, 5, will all appear in the eentre of 
the corneal reflex (A'); in the second position they will 
appear as in B’; so that an opacity at the posterior pole 
of the lens will scarcely leave the edge of the reflex, 
whereas an anterior polar opacity will movemueh farther 
from ity 

One peculiar apparent opacity is seen by the mirror 
stone, and this method affords the surest means of dis- 
covering the defect. This is the edge of a dislocated 
lens, or the notch in the edge of the lens in congenital 
coloboma of the lens. When the edge of the lens crosses 
the pupillary area it is seen as an intensely black 
crescent, sharply defined peripherally bat merging 
centrally into the clear red reflex. The reason of this 
appearance is that the whole of the light which falls upon 
the extreme edge of the lens is totally reflected ; none of it 
leaves the eye, so that none ean enter the observer's eye. — 

We not infrequently meet with very fine opacities, 
especially in the vitreous. If we use a concave mirror 
and a bright light we shall probably fail to see them. 
The reason is that these very delicate opacities are 
partially transparent, so that if the light is very bright 
some pisses through thom and contrast is reduced. 
Contrast is further reduced by reflection of light from 
their surfaces, They are, as it were, drowned in light, 
In order that we may be sure of not missing, fine opaci- 
ties the best method to adopt is to use a plane mirror, 
‘The rays reflected from a phine mirror are divergent 
(vide pp. 27); hence less light enters the eye. If we 
have no plane mirror available the light should be reduced, 
bat this is not so satisfactory. We may increase ow 
chances of seeing the specks if we place a convex lens 
behind the mirror ; this will have the effect of magnifying 
thom (Fig, 21). 
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(2) The reeoynition of detached retina, &e-—A detached 
THEAe is sittmted much in front of its normal position ; 
#1 therefore in the position of the fundus of a very 
i fe eye. When light is thrown in from a 
‘WH or at reading distance light will probably bo reflected 
froma the surface in such a way that some rays will enter 
th observer's oye. A difference of roflox in difforont 
directions is noticed, red in some, grey or black in others, 
More minute investigation will reveal a whitish or greyish 
WMoven sorfice upon which there are almost blick con- 
Yoluted lines; these are the retinal vessels. Particular 
Miess is laid upon this point, because the appearances of 
sdetached retina by the indirect and direct methods may 
be very puzzling to the beginner. If the precaution is 
aways taken of using the mirror alone first little difficulty 
is likely to arise, 

Besides u detached retina we shall also be able to see 
anything else in a similar position, ¢.g.,0 tumour pushing 
the retina forwards, or a tumour of the retina itself 

ke, 

Bone of these will be seen unless thoy are pushed for- 
wands very considerably; hence we must not diagnose 
the absence of » detached retina, &e., if we fail to seo it 
‘by this method. 

8) Confirmation of the results found by the external 
rainination,—We are able by this method not ouly to 
confirm the resulis previously arrived at by oxternal 
@xaniination, but also to supplement them by important 
sabsidiary information. Thus we are able to map out 
the limits of opacities in the lens much more accurately, 
‘Since they now appear black on a red background, and 
‘4 we have already shown we can determine their exact 
Position with much greater precision. 

| We may have noticed « black spot in the iris in « case 


‘the history of a forsign body having gone into the 
9 
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eye. It is probable that the foreign passed — 
through the iris and thav the black | hole “The — 
examination with the mirror often al once settles 
the question, for if there isa hole we shall be able to 
find some position in which we can see 8 red reflex 
through the hole. The absence of a red reflex does not 
prove the absence of 4 hole, for the lens may be opaque 
behind the bole, 

The following is a somewhat similar example. We 
have noticed a black patch at the ciliary margin of the: 
iris, convex in outline towards the pupillary margin. It 
may be a melanotic sarcoma of the ciliary body growing 
forwards und implicating the iris: or it may be a separa. 
tion of the iris from its ciliary attachment (iridodialysis). 
Tu the latter case we shall be able to obtain a reflex 
through it by the mirror, whereas in the former it will be 


ue. 

We have said that by this method opacities in the 
refractive media appear black, Superficial opacities, 
however, such as those in the cornea and near the 
anterior surface of the lens, can be seen in their natural 
colours by approaching «till nearer to the eye. Under 
these conditions more light is reflected from the surface 
of the opacities and some of it enters the observer's eye. 
Tt will be objected rightly that now we shall be within 
our near distance and consequently shall not be able to 
see anything clearly. This ix trae, but it can be obviated 
hy assisting our accommodation by putting up gradually 
stronger convex glasses behind the ophthalmoscope mirror 
a8 We approach the eye. ‘This has the additional advan- 
tage of magnifying the opacity, If we approach very 
close to the eye and place » + 20 D lens behind the 
mirror we shall see the opacities highly magnified. This 
glass will be acting very much like an ordinary magni- 
fying glass, so we shall haye to focus it in much 
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same manner. We therefore siart a little distance from 
the omea and watch carefully as we get nearer and 
nearer; there will come a point when the opacity is very 
deeorly defined. 

‘now that under the same circumstances, with 
the + 20D lens im the position for seeing the cornea, 
S® ‘wish to examine an opacity noar tho surface of the 
Wma We may do this in two ways. We may continue 
1 approach still nearer until it comes into focus; or we 





TWe—fmbirect wwethel. [suwination of the fundus, showing 
‘of Taye from tho soarce of light to the mirror, through 
‘the lens, wod through the oye; also the aren of the field of 
Aiieeninttom. 


Gin use a weaker lens, retaining our original position. 
The weaker lens is most easily produced by moving up 
and stronger coneave lenses in front of the 

+20, until the opacity is accurately focused. Thix is 
studi in most ophthalmoseopes by having a 
D lens sot in a disc which lies behind the sight- 

6; the lens can be turned into position when required, 
‘nid dows stot interfere with the use of the other lenses at 
time. The opacity in the lens will of course 
#0 highly magnified by the second as by the 
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re! 


fundus will be made still 


to 
Fie, Gf —iadleeck method Reseed Jena =sIf the eye is 
Eebeaan ot ihe imige. ta the Sm™notropic the parallol 
fire the ena ited atthe rays emitted will be 
ant focal plane eyes 


Ste fe ate tener eon will be formed. If the 

two systems eye is hypermetropic the 
ES att eats aye will til be made 
convergent, for the lens 
‘used is 80 strong that the divergence in hypermetropia 
is never strong onough to prevent it. 

With the same lens it will be seen that the inverted 
image is formed at different distances beyond it according 
to the refraction of the eye. If the lens is kept at a 
eonstant distance from the eye, eg., its own focal 
distance, the emmetropic image will be formed at the 
focal distance of the lens beyond it; the myopic will be 
nearer to the lens, the hypermetropie farther trom it 
(Vig. 78). 
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Tn all canes the imagy is magnified, the amount of 
ification depending upon the refraction of the eye. 
‘the strength of the lens, and its distance from the aye, 
With » + 19 D the fundus of an emmetropic eye ix 
j magnified about five times. 

‘One of the greatest difficulties in using the indirect 
method is the group of reflexes formed by the eye and 
the surfaces of the lens, We have seon that the cornea 
forms 4 reflex of the mirror when it is used nlone. This 
reflex, when ceen through the convex lens, is magnified, 


“H 





FIG, 7K—Indirect method. Position of the image accorsling to the 
mefenetion ofthe qye. thie Gyure the kon is stuated ais own 
Tora) Mistanee from the enraes, In emmettopin tho parallel 
memes tS ut the principal focus of the lons, B. 
Ap mjepla Vergent emergent nays cross nearor to the lous 

aoc foray is; al Mi; tn hypermettope. we diver 
fariher from the lens than ite prineial 
vin. wt ai 















8 that it may cover the pupil and prevent anything 
behind being seen. But the surface of the lens towards 
the observer acts like another convex mirror, and forms 
‘Another reflex situated behind the lens. Similarly the 
surface of the lens near the patient ucts like a concave 
tnirfor aud forms a reflex on the observer's side of the 
fens These refloxes aro very troublesome, but they 
may be got out of the way by a little manwuvring. It 
Khas been suid that the two lens reflexos, which ure the 
0st troublesome, are images of the mirror formed on 
sides of the lons. If we tilt the lens a little we 
that these refleces move in opposite directions, 
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and that wo ean look quite comfortably bet 
We must be careful a to tilt: ‘the Tens 1 
necessary, because if we look 

lens objects appear distorted: in inahernete std 
type of astigmatism. The distorted feels, 
produced in this manner may be attributed | 

in the eye, when none is really present. : 

Another difficulty which the beginner usually experi- 
‘ences is due to him getting too close to the patient. If he 
understands the position of the image which he is 
looking for, a# described above, he will discover why he 
ean see no sharp image when he is too close to the 
patient, Most people using the indirect method think 
that they are looking at the pupil. As a matter of fact, 
when the fundus is seen clearly, they are no’ accommo- 
dating for the pupil, bat for the real image of the fundus, 
which is in the air somewhere between the lens and the 
observer. Now we can only see an object clearly with 
the unaided eye if it is at a convenient distance away. 
Consequently, if the observer gets so close to the patient 
that ho is loss than the distance of bis near point from 
the aerial image he cannot ace it clearly. 

Tf we like to do so we can get over this difficulty and 
still remain eloger to the patient. In order to do 40, the 
observer must help his accommodation by putting up a 
convex lena in front of his eye. If we put up a- 1D 
or + 2D behind the ophthalmoscope mirror, we shall 
not only see the image clearly at a shorter range, but 
we shall also magnify it, an additional advantage. 

As regards the position of the convex lens before the 
patient's eye, there ix 4 considerable range over which 
we can see the fandus quite well, but some positions are 
hotter than others. In practice we find the best position 
by putting the lens close to the eye to start with, 
steadying it by the little finger applied to the 











 OPHTHALMOSCOPIC EXAMINATION. — 135 
bressy, and gradually bringing it farther away from the 





















FS antil tho best position is obtained. 

cally, from the point of view of the maximum 
fe R of fundus son, the best placo for the lons is its own 
foee=a] distance from the patient's pupil. But this is the 
Ys=xy worst place from the point of view of the corneal 
Peesdler. This is situated ut about the level of the iris 


its focal distance from it, the rays from thin 
be made parallel by the lens, ic, the reflex 
‘will fill the whole area of the lens, and wo shall see 
nothing else. Hence the besb position for practical 
Jurposes is either nearer to or farther from the eye than 
this position. We shall see later that a convenient 
distance is whon tho lens is at its focal distance from 
anterior focus of the eye. Hore, clight tilting of the 
lens, besides shifting the lons roflexos out of the way, 
will also move the corneal reflex and the image of the 
fundus in opposite directions, and so get the corneal 
reflex out of the way. 

We can tell by the indirect method whether the eye is 
‘mmetrople or ametropic hy observing the effect of 
“shifting the lens on the size of the image of the fandus. 
‘We nse the disc as the best guide, getting it into the 
field by telling the patient to look in the appropriate 
‘direction, i+, towards the raised right little finger when 
eramining the right eyo, towards the left ear when 


pee left. 
_ Place the lens close to the eye and gradually bring it 


‘away. If the image of the disc does not alter in 
‘eye is emmutropic; if it gets smaller the eye is 
ic; if it gets larger the eye is myopic. 








‘wnilerstand why this is eo, wo shall bo able to remember 
in cach case. Imagine two points, a and 4, upon 
Sm ten opposite eyes of the dix: (Fig. 79) If they 
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Lax corenture emetrepia, such ns wo meot with in astigmatism, tho 
ee en ae mane, bat thoy aro easily deduced if wo 
are now two anterior foci to the eye, one for 

excl veridian. There are also two nodal points When the lens is 
[ea learn from the cornoa the magnification is tho came 
esmetropia und = umotropia of curvature. Under these 
Necheaecias the dice appears circular. 11 the lens is nearor the 
Fe thoi is lene with its long axis in tho low refractive 
ly horizontal. Tf the lons is farther from the 

eye teling wa hee ‘the more refractive meridian, i.r., generalty 
Wertial As mentioned before it is cesntial that the lens should 
‘be bel almivst vertical, as any inclination makes it itself astigmatic. 


|| 
F 


Fig, 80. 








ddise is really oval, ns te ain Mek myopia, tho axis of the eltipso 

‘of course remain unalt 
almetropin of irwtes apap occurs in old age. Aphakia, the 
tortion when the lens has beon removed, may be considered an 
‘extrime form of index ametropin, Hue tho position of the nodal 
yeuuins invariable, and if the convex lens is at its focal 
from this point the imago ix the samo size in emmetropin 
“halen fndex of refraction. If the lone is moved closer 
to the ayn the image increases in bypermotropia and disainishes ix 


whilst it remains the same in emmetropia, Since the 
Ge formed ot a coats able distance beyond the focus of the 


wvenient to use a 
“wtrongur lens, ¢.9., + 18 D. 


of level of two points near ench other 
fundus are made very evident by parallactic 
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displacement in the indirect method. Thus, in Fig. 41, 
if there are two spots, a and b, at different levels in the 
fundus, e.g., on the edge of the disc and at the bottom of 
@ glaucoma cup, when the lens is shifted slightly so that 
its optical centre moves from 0, to og, the images of a 
and ) will move from a; to a, and b, to by. It is of 
historical interest that this displacement was at one time 
wrongly interpreted, so that a glaucomatous cupping of 
the dise was diagnosed as a awelling. 

IV. The Direct Method.—In the direct method the 
observer approaches as close as possible to the patient's 








Fig. 81,—Indirect method. Parallactic displacement. 


eye (Fig. 82). If the eye is hypermetropic the emergent 
rays will be divergent, as if coming from the virtual 
remote point behind the eye. Owing to the short 
distance between the eyes a large pencil will fall upon 
the observer’s pupil, and may be brought to a focus upon 
his retina if he makes a suitable effort of accommodation. 
If he is presbyopic, or if his accommodation is relaxed, 
he will only obtain a clear image by placing a convex 
lens behind the sight-hole of the mirror (Fig. 88, H). 

If the observed eye is emmetropic the emergent rays 
will be parallel, and consequently can only form a clear 
image upon the observer's retina if his aceommodation 
is absolutely relaxed (Hig. 83, E)—unless, indeed, he 
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SUxateracts the amount of his accommodation by « 
ling coneaye lens in front of his eye (vide 
Pp 140). 

ES the observed oye is myopic the emitted rays are 
eEarergent. Ifthe myopia is moderate the real image 
ef the fundus at the far point of the eye will be behind 
thas observer's head, ic., ho will catch the convergent 
T#4ys before thoy have come to a focus. Theso convergent 
Tys, entering his emmetropic eyo, are brought to a 

focus in his vitreous; hence he cannot possibly obtain 


a ie 


Pie, $2. (irect method, M[lumination of the fundus, showing tho 
(ong hd oD of light to the mirror ari throngh the 
ey area of the field of tVumination. Compare with Fig. 76. 

@ clear image unless he counteracts the convergence by 

‘an equivalent concave Jens behind the mirror (Fig. 88, M). 

Hf the observed eye is very highly myopic its punctum 

Temotam will be situated somewhere in the space between 

‘the eye itself and the observer's retina, and it may be 

Wm such 4 position that it is impossible to obtain a clear 

‘Tage with any correction. For example, the remote point 

just behind the sight-hole of the mirror, Hore it 

‘close to be accommodated for, and no correcting 

& situated at the samo position will have any effect 

he rays, for they will nearly all pass through the 


wai 
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optical centre of the lens. The practical outcome of this 
is to get as close to the eye as possible. 

Much stress is generally laid upon the necessity and 
the difficulty of relaxing one’s accommodation in examina- 
tion by the direct method. It is difficult to relax the 


1 Oe 




















—Direct method, Emergent rays from the fundus of the 
observed eye, 0}, showing the formation of the retinal ‘mage on 
the retina of the observer's cye, 0 In emmetropia, K, the emer- 
gent parallel rays are brought to a focus on the retina of O, if the 
accommodation of this eye ix absolutely at rest. In byperme- 
tropia, H, the emergent divergent rays are brought to 9 focus on 
the retina of Og, either by means of accommodation or by placing 
aconvex lens in front of O3. In myopia, M, the emergent con- 
vergent rays can only be brought to a focus on the retina of Oy by 
placing a concave lens in front of Oy. 





accommodation entirely when the eye is apparently close 
to the object looked at. The observer should try to 
think that he is looking at a very distant object, but 
even then, as soon as he directs his attention to details 
of the picture, he is almost certain to accommodate. It 
is best for the beginner not to worry himself about this: 
if he cannot see an emmetropic fundus clearly let him 
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fairly well by always choosing the highest convex lens ; 
it is safest to choose the lens which just makes the 
object looked at appear a little blurred. Of course the 
eye may be myopic; if for “convex lena" in the above 
description “relatively convex lens" be substitnted— 
—1D being relatively convex to — 4 D—the principle 
is the same. 

An object in the vitreous, ey. a large opacity, is in 
the same condition as the fundus of a hypermetropic 
eyo. If the eye is emmetropic, 30 that the fundus is 
visible without any correcting lens, the opacity can be 
examined either by accommodating for it or by putting 
‘up convex lenges until it is clearly focused. If it is close 
behind the lens aecommodation will have to be assisted 
by a convex lens in any case, unless the observer with- 
draws farther from the eye. It will be seen, therefore, 
that by putting np convex lenses from 0 to + 20 D we can 
thoroughly explore the emmetropiec eye from the fundus 
to the surface of the cornea, 

Examined in this manner the appearance of opacities 
in the vitreous or lens will yary with the amount of light 
stopped by them, ic. by their density, and with the 
amount of light reflected from their surfaces, Lf they 
are very dense they will appear black against the back- 
ground of the red roflox. If they are semi-transparent 
they will appear red or whitish according to the relative 
amounts of light transmitted from the fundus and 
reflected from the surface, A detached retina may 
therefore look red or white, according to its degree of 
transparence. If much light is reflected from the surface 
details may be seen upon it; otherwise it appears 
uniformly black. 
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this is due to the retinal pigment epithelium being heaped 
up here. More commonly parts of the circumference have 
black patches, but they are not continuous. These features 
are of no importance from the pathological point of view. 

The disc itself is seldom uniformly pink. The central 
part is usually paler and may be quite white, and this 
lighter area may extend nearly to the temporal edge of 
the disc ; it rarely extends quite to the edge. The tem- 
poral side is therefore normally paler than the nasal. 
The central vessels emerge from the middle of this white 
area, and careful examination with the direct method 
will show that the area isa funnel-shaped depression, 
the physiological cup. This cup varies very much in 
different eyes. When it is very deep the central part 
may be seen to be speckled with grey spots; these are 
the meshes of the lamina cribrosa through which the 
nerve fibres are passing. Sometimes thero is scarcely 
any physiological cup; the dise is then more uniformly 
pink, and the central vessels may have already divided 
before they come to the surface. The true nature of the 
physiological cup is best understood by comparing the 
ophthalmoscopic picture with a microscopic section 
vertically through the nerve head. 

The colour of the dise is due to the white fibres of the 
lamina cribrosa seen through the vascularised nerve 
fibres. Where the nerve fibres are thinnest, i.c., in the 
cup, the white lamina shines through brightest. The 
grey spots in the lamina, when they are seen, are due to 
the non-medullated nerve fibres reflecting less light than 
the white connective tissue fibres. 

The Retinal Vessels.—The retinal vessels are derived 
from the central artery and vein, which usually divide 
into two branches at or near the surface of the disc. 
These branches are above and below, and form a superior 
and an inferior trunk (Plate L). Each trunk usually 





PLATE IL. (Tu fuce p. 146.) 
THE NORMAL FUNDS, 
F 





1.—Appearance of a typical dise, macula, and veswls: slightly 

auarked physiological cup, showing stippling of lamina cribrost, 

Fig. 2.—A “tigroid” fundus, showing appearances due to excessive 
choroidal pigmentation or defective pigwent in the retinal 

epithelium. 
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divides into two, one of which sweeps up or down 
towards the temporal side, the other sweeping up or 
down towards the nasal side. ‘These branches are called 
the superior and inferior temporal and nasal aortories 
‘and veins, These vessels divide dichotomously into 
innumerable branches. 

‘The arteries are distinguished from the vaina in being 
fighter red and narrower. Tho veins have a purplish 
tint and are often more convoluted. What ix actually 
gem ix the blood column, not the actual vessel wall, 
which is transparent. Each, but expecially the urteries, 
may have a bright silvery streak running longitudinally 
down the centre: this is due to reflection of light from 
the convex cylindrical surface, 

The mode of branching of the vessels is subject to 
great variation, though it is derived from the fandamental 
type deseribed. The variations are generally of no 
practical importance. ‘The primary division of the 
superior and inferior trunks usually takes place on or 
very near the dise. The nasal branches run much more 
radially than the temporal, which make a very decided 
sweep to avoid the macula. 

‘The Macula lutea is situated about 3 mm. or 2 dise- 
diameters (2 p.d.) to the temporal side of the edge of the 
disc, and is a little below the level of the horizontal 
diameter. It is very difficult to sce without a mydriatic, 
for the bright light on this most sensitive spot causes 
maximal constriction of the pupil: the corneal reflox 
then naually obliterates all view. It may generally 
be sean by using very dim illumination. 

‘The macula varies in appearance according to illumina- 
tion, refraction, complexion, &c. fn goneral, it is a 
small cireular area of a deeper red than the surroamding 
findus, sometimes looking almost black. There is 
nearly always a foveal reflex, due to reflection of light 
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from the walls of the foveal depression. This is most 
frequently scon as a silvery ring of light, hiding every- 
thing behind it: it may be circular or oyal, according to 
the incidence of the light and the refraction of the eye. 
Often there is an intensely bright spot at or close to the 
fovea, also due to reflection, ‘The deeper red of the macula 
is due to the thinness of the retina, so that the specially 
vascular choriocapillaris of this region is Keen more clearly: 
shadows thrown by the edges of the foveal depression may 
contribute a share to the deepening of the colour. 

The macular region is supplied by twigs from the 
superior and inferior temporal arteries, and by small 
branches coming straight from the dise. There are no 
retinal blood vessels actually at the fovea (Fig. 6), and 
none can be seen ophthalmoscopically for a little distance 
around. ceasionally there are small arteries (cilio- 
retinal) derived from the ciliary system. They start 
near the edge of the dise, ran inwards, and then bend 
sharply outwards towards the macula. 

‘The General Fundus.—he appearance of the general 
fondax varies enormously within healthy limits. Tt ix 
especially determined by the complexion of the patient, 
which may be taken as an index of pigmentation in 
different parts of the body. In people who are neither 
very dark nor very light the spaces between the retinal 
vessels show a uniform redness, occasionally with a very 
delicate. punctate stippling, expecially towards the pori- 
phery. In albinos the choroidal vessels are seen clearly, 
the spaces betwoen them being white, due to the sclerotic 
shining through. In very dark people the fundus is a 
darker red, and indications of the choroidal vessels are 
often seen as indefinite brighter red streaks. Sometimes 
the pigment between the choroidal vessols is particularly 
dense, or the pigment is deficient in the retinal pigment 
epithelium, whilst the choroid is deeply pigmented: the 
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chonidal vessels are then seen separated by deeply 
figuested polygonal areas (tigroid or texselated fundus) 
(Plate TIL, Fig. 2). 
There is no difficulty in distinguishing the choroidal 
try the retinal vessels when both are visible. The 
femer are broader and ribbon-like, without any central 
flex streak : they anastomose freely, unlike the retinal 
fwsels, which do not anastomose at all. Moreover, in 
teriain parts, their anatomical distribution is yery 
eharcteristic (cide p. 14). 
‘All the details of the fandus will be seen mach better 
by the direct method, unless the eye is very myopic, 
‘hon the magnification ix so great and the area seen is 50 
small that it is difficult to find any given spot. 
SGadbr normal conditions no palsation can be seen in 
the retinal arteries. The retinal veins may, however, 
‘often be seen to pulsate at or near the edge of the disc, 
Or indeed wherever they take a very sharp bend, This is 
‘gaually duo to transmitted pressure, The blood pressure 
%& lowest in the veins near the dise, and there is a 
Srtain amount of obstruction to the flow of blood as the 
Vessels pass through the narrow neck at the lamina 
eribrosa. With each arterial pulsation the intraocular 
easure is suddenly raised slightly, so that the presure 
| ee ee 




















‘8 stidden increased obstruction to the outflow 

‘of blood from the eye; the wall of the vein becomes 
compressed, Fecrvering, itself during the arterial 
Hence pulsation is observed, and it will be 
‘wetn best where the intravenous pressure is least, viz., 
the heart, i.c., at the disc, and where there is any 
/obstruction, vix., near the lamina cribrosa and 
Sharp bend. The venous pulsation can be 
ged or made manifest if atment by slight pressure 
‘Wlobe, which has the effect of increasing the 
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intraocular pressure, This normal venous pulse is soen 
without urtificial aid from pressure on the globe, &e., in 
70 to 80 per cent. of people. It will be noticed that it is 
diastolic ; it has therefore been called the negative venous 
pulse, 


‘Two other forms of venous pulse occur in pathological 
oe, 

positive venous pulse is prosystolle, continning Into the 

pre i: dg jitation, and ix pormitted 

the normal insufficiency epee pe 

sli ia israel era poet Ina 


of the normal tendency of the pulso wave to progross through tho 
capillaries into the veins, owing to the intraoculur tousion. It is 
dno to vonons congestion, with or without increased vis a tergo. 


Arterial pulsation is always pathological. The blood 
pressure in the ophthalmic artery is only a fow mm. Hg. 
below that of the carotid in animale. 
the differences of blood supply it would be unwise 
to apply the result directly to man, but there is no 
doubt that the pressure in the central artery is far 
above the intraocular pressure. Tt would not be sur- 
prising, therefore, if the pulse wave were transmitted 
and could be seen. There are two reasons which militate 
against this: (1) the intraocular pressure damps the 
pulsation, and the increase in pressure which accompanies 
each pulsation is spread over the whole volume of the 
contents of the globe, and is transmitted to the plastic 
sclerotic; (2) such pulsations as survive this damping 
effect aro too slight to be observed in such small vessels 
by ordinary ophthalmoseopie examination. 

‘Two typos of artorial pulsation ooour pathologically: (1) a true 
pulse ware, occompanied by locomotion of the vessels; (2) an 
Intermittent flow of blood, or pressure pulse, In the latter the 
arterion fll only with the heart beats, being empty between them; 


it is only visible on thedise, and may be produced in n normal aye 
by external pressure upon the globe by a finger applied tothe lid. 
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special attention to pointa which the indirect method has 
left uncertain, The details of the disc—physiological 
or pathological cupping, blurring of the edges or swelling, 
abnormalities of the edges in the form of crescents, &e— 
are inspected. Altention is then turned to the vessels. 
Abnormalities in arrangement or distribution, the 

of cilio-retinal vessels, &e., ure noted. ‘The details of the 
individual vessela—their relative size, irregularity of 
contour or yaricosity, visibility of the walls as shown by 
the presence of white lines along the edges, abnormalities 
of the roflox streak, &c.-—-are investigated. The vessels 
are traced towards the periphery and the smaller vessels 
inspocted, Changes often occur near the vessels, such as 
small hemorrhages, white spots of exudate, &e.; these 
are carefully looked for. 

Next, the macula is examined: this should never be 
omitted. Tt may be brought into view by telling the 
patient to look into the light: with wnintelligent patients 
it is best to say nothing, but fix the temporal edge of the 
dise and pass horizontally outwards for a distance of 
about two papilla diameters (a convenient unit in 
ophthalmoscopic topography), when the macula will be 
found. If tho patient is not under a mydriatic or the 
pupil movements are not abolished by disense (optic 
atrophy, d&e,) the light should be lowered so that the 
constriction of the pupil may be reduced to a minimum, 
The corneal reflex is always troublesome, but has to be 
dodged. Any abnormality at or near the macula is of 
the ntmost importance. Black or white spots are often 
very diffienlt to distinguish from shadows or reflexes: if 
either can be made out by any means (¢g., the ase of a 
concave lens) to have a definite sharp contour, and if 
they do not seem to shift in the slightest degree when # 
minute movement is made with the mirror, it may be 


coneluded that they are pathological entities. 
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Finally, the periphery of the fundus is investigated. 
It is important to know how far out we can see by the 
direct method. It can be shown theoretically and proved 
practically that the fundus can usually be seen only a 
short distance beyond the equator of the eye. There is 
therefore a zone behind the ora serrata which is invisible. 
The periphery, even in an emmetropiceye is usually best 
seen with a low convex lens, owing to the obliquity of 
the axis of the rays as they pass through the crystalline 
lens. 


CHAPTER IX. 
FUNCTIONAL EXAMINATION. 


In the second great group (vide p. 91) of ophthalmic 
patients there are no manifest objective signs of disease, 
and we are dependent at the outset upon the subjective 
symptoms of which the patient complains. In these 
cases, after a rapid, but careful, external examination to 
eliminate any objective sign which may have escaped 
observation it is usually most convenient to proceed 
at once to the functional or subjective examination. 
Whether this produces evidence of abnormality or not, 
it is imperative to proceed then to the systematic internal 
examination with the ophthalmoscope. 

On the other hand, in the first group of ophthalmic 
patients, in spite of external signs of disease which may 
suffice to account for the symptoms, it is the surgeon’s 
duty to eliminate as far as possible all other evidence 
of abnormality. Ophthalmoscopie examination may be 
impossible at the first visit, and subjective functional 
testing may be so vitiated by the obvious disease as to 
afford no useful information. In such cases functional 
and internal examination should be postponed until a 
future visit, but in no case should it be entirely omitted. 
It should be borne in mind that, rightly or wrongly, the 
surgeon is liable to be held responsible for the discovery 
of any disorder of the eye which manifests itself at or 
about the time of his examination. 

The functional examination of the eye proper consists 
in testing the acuity of the forms of visual perception 
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before proceeding to the ophthalmoscopic examination 
(Section V.). 

‘The Acuity of Vision —The acuity of distant central 
vision is now almosi invariably tested by means of 
Snellon's Test Types (Fig. 84). These are constructed 
upon the fundamental principle that the average 
minimam visual angle is 1 minute, 

‘The types consist of a sories of lottors diminishing in 
size, ‘The breadth of the lines of which the letters are | 
composed is such that the edges subtend an angle of | 
1 minute at the nodal point of the eye. Each letter is | 
of such @ shape that it can be placed in a square, the 
sides of which are five times the breadth of the constituent: 


Dit oe Do 
Fis, 85, 


lines (Fig. 84). Hence the whole letter will subtend 
an angle of 5 minutes at the nodal point of the eye 
(ig. 85). 

Tn order that these conditions may be fulfilled, it is 
obvious that such a letter to be used as a test a long 
distance from the eye must be larger, and the con- 
stituent lines must be broader than in the case of # letter 
to be used nearer the eye. In Snellen's types the largest 
letter will subtend 5 minutes at the nodal point if it is 
60 metros from the eye. hose in the second line will 
subtend 5 minutes if they are 36 metres from the eye; 
those of the consecutive lines 24 metros, 18 motres, 12 
metres, 9 metres, and 6 metres. Sometimes smaller 
letters corresponding to 5 metres, 4 metres, 3°5 metres 


ms - 





defensible. prea eb ce nor 


accuracy of the application of the test. 
If the patient cannot read the largest letter he 


V=8/60. Perhaps he is unable to see the top letter 
even close to it. In that case he ix asked to count the 
extended fingers of the sungeon’s hand, held up at about 
1 metre against a dark background ; the distance is varied 
to obtain about the maximum, ‘This is recorded thus, 
V = fingers at 1 metre. If he cannot count fingers ho is 
told to look at the light, either artificial or the window: 
the surgeon's hand is then moved between the eye and 
the light. If he can distinguish the movements of the 
hand it is recorded as V=hand movements. If he is 
unable to distinguish hand movements he is taken into 
the dark room and the light is alternately switched on 
and off, or light is concentrated on his eye with a 
convex lens or with the ophthalmoscope mirror, and he 
is asked to say when the light is on the eye and when it 
is off. If he succeeds in doing this, ¥ = p. L. (perception 
of light). If he fails to see the light at all the vision is 
recorded as ¥ =no p. |, 
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this is called “spasm of accommodation ” ; it is probably 
diagnosed more often than it oceurs. 

‘The younger the patient, therefore, the easier it will 
be for him to accommodate, and the more diffienlt to 
relax his accommodation completely. That part which 
ho can relax when convex lonsos are used as described 
above is called his manifest hypermetropia (Hm.). The 
part which he is unable to relax, which can only be 
determined by paralysing the ciliary musele, is ealled his 
latent hypermetropia (1), The sum of the manifest 
and latent hypermetropia is called the total hypermetropia. 
Tn extreme youth nearly all the hypermetropia is latent: 
the lens is so resilient that it is impossible to prevent it 
responding to the slightest stimulus, As the lens 
becomes less plastic more and more of the hypermetropia 
becomes manifest, until, finally, when accommodation 
disappoors entirely, all the hypermetropia is manifest. 
The older the patient, therefore, the nearer the manifest 
hypermetropia represents the total amount. 

The vision of the patient in the above example is 
usually recorded thus: V = - Hm, + 25, 


With intelligent patients who do their best to read as 
many letters as possible without continual encouragement 
from the surgeon, the manifest hypermetropia is obtained 
with less trouble by simply putting ap convex lenses of 
gradually increasing strength until the last line whieh 
was read with the unaided eye becomes blurred. 

An older patient than the one considered in the previous 
example will very likely read more with a convex glass 
than without it. Thus « patient of fifty-five may perhaps 
road only 6/12, whilst with a + 2D he reads 6/6. This 
man has a manifest hypermetropin of 2D. Since he is 
fifty-five years of age he has only 1 D of accommodation 
left (vide p. 63), When he reads with the unaided eye 


_ill 
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do so easily. This is recorded thus—V¥ = 6/6, no Hm., 
ut2=S1, 

Finally, take a patient of fifty who reads 6/12, but 
with +2 D 6/6, He will hold the near types a tong 
distance away as in the last example; if we investigate 
the question he will not be able to read nearly ax well 
even a long distance away as the last patient, He also 
ie lost 2 D of hisaccommodation, but he also has 2 D of 

We cannot therefore expect him to 
ee Juoger 1 at ordinary reading distance unlosx we not 
only correct his presbyopin but also his hypermetropia. 
Wo therefore at once put up a+ 4D, and find that he 
reads Jaeger 1 at ordinary distance quite well. This is 
recorded thus—V = 6/12, Hm, + 2=6/6,%+4=J.1, 

The ordinary rule of presbyopic loss of accommodation, 
viz., 1 D for each five years after forty, is rathera liberal 
allowance, and we often find that patients are more com- 
fortabla with slightly less (vide p. 64). In no case 
should more be ordered. 

An indication of the range of accommodation is given 
by the knowledge of the manifest hypermetropia, com- 
bined with the ability to read the small types at ordinary 
reading distance. Strictly, the accommodation should 
be more carefully tested in each case, but this is often 
neglected. 

‘The method adopted to find the near point of the eye 
has already been mentioned (vide p. 59), Tor practical 
purposes it is sufficient to use the smallest Jaeger or 
Snellon near type and approach it nearor and nearer to 
the eye until it can no longer be read. The last point at 
which it can be read gives the near point. Tho distanco 
of the near point from the eye is then measured with a 
tape. This distance is transformed, if necessary, into 
millimetres (25 mm. = 1 inch), and the range of aceom- 
modation is deduced from the formula A= P = B (vide 
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the range of the pationt’s field by that of his own, whieh 
may be considered normal; moreover, he is continually 
watching the patient's eye, so that he can at once observe 
any deflection from the point of fixation. 

The gross defects in the ficld which are most 
likely to escape recognition are homonymous and 
Ditemporal hemianopia, the Intter nsually due to 
acromegaly (Chap. XX.). These may be roughly tesied 
for by telling the patient to look straight at the surgeon, 
situated as before, both eyes being open. The surgeon 
holds up both hands, one in each temporal field, and the 
patient is told to touch the surgeon's hand. If he asks 
“Which one?" he has not bitemporal hemianopia, since 
hesees both hands. If he promptly points toone hand he 
should bo asked if he sees the other; if he doos not, he 
probably has homonymous hemianopia. 

Tf any defect is indicated by these methods it must bo 
accurately mapped out and recorded with the perimeter. 

(2) The Perimeter.—The perimeter consists essentially 
of an are, marked on the back in degrees of « circle, 
capable of being revolved round « pivot whieh the patient 
fixes with the eye undor examination (Fig. 87). The 
chart, which has concentric circles marked upon it, 
corresponding with the degrees on the arc, is under the 
surgeon's control at the buck of the perimeter. In self- 
registering perimeters, which are almost invariably used, 
the readings are recorded by perforations with a sharp 


point. 

‘The details of taking a perimetric chart can only be 
taught by actual demonstration. It will suffice to 
@mphasise here the chief procedures to be followed in 
order that accuraey may be attained. 

‘The patient is seated with his back to the light. His 
chin resis upon the chin-rest; the face is vertienl and 
not tilted to one side; one eye is covered. The other 
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These should be mapped out with the same accuracy 
as the extreme limits of the field. If the scotomata 
are small the limits may be determined with an intelli- 
gent patient best with a very small object, ¢g.,2 mm. 
square. 
Having mapped ont the field for white the process i 








$8,—Pesimater chnrt of right eye (Landolt). T, temporal 
N, nasal side; W, for white object; BB, for blue; Ik, for 
G, for green. 





should be repeated with similar, but coloured, objects: 
Red or green should be used first, then blue or yellow : 
if the red and green are complementary, i.c., if the tints 
when combined would produce white, their fields will be 
found to be identical; the same applies to the blue and 
yellow. Special cara must be taken to investigate the 
central part of the field for red and green, since condi- 
lions are not uncommon, eg 





. tobaceo amblyopia, in 


se 
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the central area. It consists in placing the patient 
2 metres from the centre of a large black screen (2 metres 
or more broad). The patient fixes a spot in the centre of 
the screen and smaller circular discs of ivory, 1 mm. to 
10 mm. in diameter, attached to a long black rod are 
brought in from the periphery on a level with the screen. 
At this distance a 8 mm. object subtends a visual angle 
of about 5 minutes. It will be noticed that, the angles 
being projected on to a flat surface, tangents are recorded, 
not angles themselves as with the arc. Hence only a 
small area can be investigated, and the distortion must 
be taken into account. Some points of diagnostic impor- 
tance which cannot be elicited by the perimeter can be 
brought out by this method. 

If the charts of the two eyes are superposed there will 
be a large central area which is common to both eyes : 
this is the field of binocular vision. 

‘The Light Sense may be roughly tested by means of 
Bjerrum’s test types, which consist of Snellen’s test 
types printed grey on a grey background of different 
intensity. 
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passing insensibly into the underlying tissues—lid or 
sclerotic. The palpebral conjunctiva is firmly adherent 
to the tarsus, whilst the bulbar portion is freely movable 
over the selerotic exeept close to the cornea. 
Bacteriology. —The conjunctival sac is practically 
never free from orgunisms. Most are non- 
‘but some of these are morphologically identical with 
pathogenic organistus. Diplococei indistinguishable from 
pneumococci are found; they may be innocuous to 
animals or prove themselves true pneumococci. It may 
be stated at once that the pneumococeus is one of the 
most dangerous organisms in the pathology of the eye. 
Another bacterium, the so-culled xerosis bacillus, is 
morphologically identical with the diphthoria bacillus ; 
it can only be distinguished by skilled examination of 
cultures, Staphylococci are found; they are relatively 
innocuous in the absence of other organisms, but play 
an important part in mixed infections. Streptococci, 
Bue. coli, &e., are pathogenic, but rare. Other patho- 
genie organisms — gonocoeci, Koch - Weeks’ bacilli, 
diplobacilli—will be discussed Inter. 


Txvnammation or tie Consuneriva. 


Conjunctivitis. — Inflammation of the conjunctiva 
manifests itself in many grades and many types. It is 
always accompanied by hyperwmia and by increased 
secretion. ‘he hyperwmia varios in degroe and in distri- 
bution ; the secretion varies in nature and amount. 

Hyperemia may be transitory, or reeurrent and 
chronic. ‘The former is caused by temporary irritation, 
as by « foreign body in the conjunctival sac (whieh 
ineludes the surface of the cornea): in such a ease the 
increased secretion is almost wholly « reflex secretion 
of tears. 





174 DISEASES OF THE BYE. 


The treatment of bapa ech ober bri 
in the removal of the cause. Defective conditions of 
must be ameliorated if paxsible, ma es tueuice ey 
light must be removed, or modified by the ase of dark 
glasses, These should be chosen of the type which ents 
off the actinic rays of the spectrum, i.¢., neutral tint 
(“smoked”), not blue. 

Errors of refraction must be corrected. It should be 
remembered that the error may be artificial, through the 
use of wrong spectaclos. ‘I'he amount and conditions of 
near work should be specifically stated. 

‘Defects of the lacrymal apparatus must be treated 
(Chap. XXX). If no defect is noted, local treatment of 
the hyperemia is ordered for a time; but if the condition 
does not improve, the pateney of the Inerymal passages 
must be demonstrated by syringing, The beginner must 
be careful, however, that he does not do harm rather than 


Errors of metabolism must be treated on general 
medical principles. Such causes are easily overlooked ; 
hence they should be specially borne in mind. 

Local treatment consists in bathing the eyes frequently 
with hot boracie lotion, with or without a mild astringent, 
eq zine sulphate, gr. i. or ii. to 5 i. Hazeline, 20 1 to 
31, is sometimes useful. Cocain must not be used: its 
effects are transitory, and it has a deleterious action upon 
the corneal epithelium. 

Tn cases where temporary alleviation—usually of the 
disfiguring signs —ix insistently desired, a drop of 
adrenalin solution (1 in 1,000) instilled into the eye 
will remove the discomfort and reduce the redness of 
the conjunctiva. The effect is, however, very transi- 
tory, but it will often earn gratitude. It is especially 
useful after the removal of a foreign body from the 
cornea. 
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The commonest form is Muco-purulent Conjunctivitis, — 
Here, as the name implies, the secretion is muco-pura- 
lent; it is more profase than in the simpler forms. As 
in most cases of conjunctivitis tho disease is contagious, 
being transmitted directly by the discharge, The whole 
conjunctiva is a fiery red ("pink eye”) ; all the conjunc- 
tival vessels are congested, excopt the eircumeorneal zone 
in the milder cases (vide p. 95). Flakes of muco-pus 
are seen in the fornices, and often between and upon the 
margins of the lids If the discharge is ullowed to dry 


dition found in ble- 
pharitis, but if the 
erusts are bathed off 
the underlying lid 
margins will be found 
healthy, Flakes of 
mucus passing 
across the cornea 
10. 00,-—Kodh-Woeks Bacilli (x 1000, Often give rise to 

coloured haloes, ow 
ing to their prismatic action, ‘These “haloes must 
be carefully distinguished from those met with in 
glaucoma (q.v.). 

The discharge is at first mucous, but gradually becomes 
more purulent, Beginners are liable to mistake muco- 
purulent for trae puralent conjunctivitis. In the former, 
the more purulent masses are found among the lashes 
and at the inner canthus, whilst the fornices und bulbar 
conjunetiva show only flakes of translucent or yellowish 
secretion. In the latter, crusts of inspissated pus may be 


att 











| 


180 DISEASES OF THE EYE, 


solution. The other end of the rod is armed in the 
same manner, 

‘The patient, if a child, is placed upon its back. The 
lids are everted ; the wool, dipped in the silver solution, 
is applied freely to the conjunctival sac, the cornea being 
protected as much as possible. It is quite unnecessary to 
neutralise the excess of nitrate with salt solution, as is 
often taught, The excess may be mopped up with a pad 
of dry absorbent wool. If, as is usually the ease, the 
other eye is affected, the other end of the rod is used in 
the same manner. In the sbsence of a gliss rod the 
best implement is an ordinary wooden match, used in 
the same way. The match can be thrown away after use. 
The glass rod must be sterilised by boiling. A camel's 
hair brush should not be used; it cannot be kept aseptic. 

A single painting with silver nitrate will often produce 
an excellent result, It is good os a prophylactic if 
discharge is inadvertently introduced into a normal eye. 
Other proparations of silvor—protargol, argyrol, &— 
are not so elticacious, but they have the advantage of 
being loss painful. 

Yhe conjunctiva generally returns to a perfectly 
normal condition, Tf the case has been neglected and 
chronic inflammatory signs persist, astringents should be 
used as for chronic conjunctivitis (g.v.). 

Purulent Conjunctivitis (Syu.—Acute Blennorrhea, 
Gonorrhceal Conjunctivitis) is a much more seriows con- 
dition. It occurs in two forms—as ophthalmia neona- 
torum in babies, and as gonorrheal conjunctivitis in the 
adult. Certainly the former, and probably the latter is 
not invariably gonorrheeal. 

Gonorrhe@al Ophthalmia (Syn,—Acute Blennorrhan of 
Adults, &c.)—Gonorrheeal conjunctivitis is even more 
sorious in the adult than in babies; fortunately, con. 
sidering the prevalence of gonorrhea, it is comparatively: 
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nitrate, but they must be used with discretion. When 
not contraindicated the conjunctiva of the everted lids 
should be well painted with silver nitrate, gr. x. to 3 i, 
notoftener than once a day. Special care must be taken to 
avoid injury (videp.103). This treatmentiscontraindicated 
in the very early stage before free discharge has set in, 
and also in later stages if there is much brawny swelling 
with comparatively little discharge. Under these con- 
ditions the stasis is so groat that reaction is inefficient ; 
the caustic, in fact, induces the necrosis which it should 
bo our endeavour to avoid. In such cases hot applications 
and leeches should be relied upon. ‘The latter are applied 
over the temporal region near the outercanthus. If the 
lids are very tight the outer canthus should be split 
{canthopluxty). The ends of strong blunt-pointed seissors 
are inserted batween the lids into the angle under the 
outer canthas, which is then divided by a single snip in 
a horizontal direction. This has the good effect of 
bleeding the patient slightly, and also of giving free exit 
to discharge. 

Scarification of the chemosed conjunctiva has been 
recommended and may be done. The remoyal of the 
ring of conjunctiva which overhangs the cornea is good, 
but demands cocain, which has a bad effect on the corneal 

It is of great importance to attend to the general 
health. ‘The bowels must be kept freely open. The 
strength must be reinforced by every available means— 
good food, tonics, aleohol if necessury. An occasional 
sleaping draught and the ase of sedatives must be ordered 
according to general principles. Every effort must be 
made to combat the depression from which these patients 
suffer. 

In the final stage of the disease silver nitrate should 
boused for a week or fortnight after the purulent discharge 
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every two hours with sublimate lotion, and the lids 
painted once daily with silver nitrate. ‘The surgeon 
must Wear protective goggles lest pus spurt inte his own 
eyes. The slightest sign of corneal haziness is an — 
indication for the use of atropin, 05 per cent. (vide 


eaieasnieca Conjunctivitia (Syn. — Diphtheritic 
Conjunctivitis).—As in inflammation of the throat the 
surface may become covered by a fibrinous membrane, | 
so the same may occur in tho conjunctiva; and just as 
the milder clinical varieties in the former were distin- 
guished as croupous from the severer or diphtheritic, 50 
also with conjunetivitis. It has been placed beyond 
dispute, however, that mild cases may be 
and severe non-diphtheritic; hence it is best to speak 
simply of membranous conjunctivitis until a bacterio- 
logical examination has pluced the matter beyond dispute, 
A variety of organisms other than the diphtheria bacillus 
can produce « membrane; these cases are sometimes 
called pseudo-membranous. They cannot be distinguished 
clinically with certainty. 

Membranous conjunctivitis occurs chiefly in children, 
and shows all degrees of severity: it may be as virulent 
as the worst cases of gonorrheal ophthalmia. Ib is 
uncommon in England, but it is of the utmost impor- 
tance that it should be recognised when seen, not only on 
account of the grave danger to the eye but also from the 
risks of contagion. 

Tn mild cases there is some swelling of the lids and a 
muco-purulent or sanious discharge. On everting the 
lids the palpebral conjunctiva ig seen to be covered with 
a white membrane, which peels off readily without much 
bleeding. 

In severe cases the lids are more brawny: the com 
junctiva is permeated with semi-solid exudates, 1 
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which positive resulis have followed inoculation into 
animals are absolutely trustworthy, owing to the diffi- 
culty of distinguishing the diphtheria from the xerosis 
bacillus, 

Other cases may be due to the netion of caustics, 
severe atropin irritation, herpes iris, and other non- 
bacterial causes. Other bactoria which occasionally form 
membranes are streptococcus, Koch - Weeks bacillus, 
gonococeus, pneumococens, ke. 

Tt is quite rare to obtain evidence of coincident diph- 
therin of the throat, though the disease may have been 
derived from a ease of faucial diphtheria. The genitalia 
should be examined for diphtheria or leucorrheie 


Treatment.—Every caso should be treated as diph- 
therial unless good negative evidence is afforded by films 
and serum cultures, In mild cases isolation need not be 
strict until the bacteriological report is obtained on the 
second day. 

‘Thetreatment is essentially that of purulentophthalmia, 
with-one important exception, viz., that painting with 
nitrate of silver is not to be resorted to. Canthoplasty 
is not to be done, 

Local treatment consists of hot irrigations and 
bathings as for purulent ophthalmia (gv). One drop 
of atropin should be instilled at the commencement of 
treatment. (Quinine lotion, gr. iii. to 3 i, with a minimum 
of acid to dissolve the salt, has been recommended. 

‘The most important general treatment is the adminis- 
tration of antitoxin as in faucial diphtheria, Since the 
antitoxin 18 innocuous it should be used at once in every 
doubtful case. 1 have obtained benefit by local instil- 
lations of antitoxin, which is rational but seems to have 
been neglected. Special attention should he paid to the 
nutrition, and tonics are indicated. 
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o diameter of 3 mm. or 4 mm. The larger ones are 
yellow, and have been described as pustules. In the 
later stages the epithelium over the surface is often 
destroyed, small ulcers being formed. When this occurs. 
on the conjunctiva proper it is of little moment, since 
healing takes place rapidly without the formation of a 
scar. Whon it occurs on the cornea, as is very Eroquently 
the case, it is much more serious (vide p. 248). 

Very frequently the skin of the lids and cheeks shows 
an eezematous condition, and eczema is not uncommon, 
if searched for, in other parts of the body. This tact 
has led the condition to be regarded by some as an 
ocular manifestation of eexema, The disease has indeed 
been regarded as an exanthem. It is probable that in 
most cases the eczema of the lids and face is secondary 
to the continual irritation of the skin induced by the 
overflow of tears and the rubbing of the wet surface with 
the hands, 

Pathology throws some light on the disorder, though 
it by no means settlos the causation. A simple phlyeten 
shows in section a triangular area of intense infiltration, 
the apex of the triangle being inwards. The sub-epi- 
thelial udenoid layer normally contains a few mononuclear 
lymphocytes, but in the phlycten they are enormously 
increased and closely packed together. The epithelium 
is intact, and it is doubtful if a vesicular stage has ever 
‘been observed. 

If there is a considerable amount of conjunctivitis of 
the muco-purulent type, not only are lymphocytes 
present but there are also many polymorphonuclear - 
leucocytes, both in the sub-epithelial tissues and amongst 
the epithelial cells, In such cases the epithelium is 
quickly destroyed. 

If a bacteriological examination is made, many of the 
organisms of muco-purulent conjunctivitis may be found. 
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hus already been mentioned that the epithelium of the 
cornea is closely associated anatomically and develop- 
mentally with the conjunctiva. Ib is not surprising 
therefore that there is a great tendency for the super- 
ficial layers of the cornea to suffer when the conjunctiva 
is disordered, and this is seen par excellence in phiye- 
tonular ophthalmia. The specin! corneal complications 
will be considered later (vide p, 248). In all such cases 
luerymation is increased, muco-purulent discharge is 
often present, and photophobia is intense. 

‘The term photophobia (pas, light ; 680s, fear; drend 
of light) is @ misnomer, Tt ix the term applied to 
the blepharospasm which is seb up by the conjunctival, 
or more probubly corneal, irritation, and which becomes 
greatly increased on the slightest attempt to separate the 
lids, especially if the attempt is made in bright light. 
This blepharospasm is nob abolished in the dark; it is 
abolished by thorough cocainisation, though this is 
difficult to effect. It must be concluded therefore that 
it is a roflox duo to afforent impulses travelling along the 
fifth nerve, not along the optic nerve. It has been said 
that light acts as the stimulus to the fifth nerve endings 
inthecornea, This must be regarded as a survival of the 
old fallacy. There is no evidence to provethongh it is 
not disproved—that light can stimulate the fifth nerve 
endings. Tt is far more probable that “ photophobia” is 
due toa vicious circle of such a nature thatmovement of the 
lid over a spot denuded of epithelium, in which the nerve 
endings are laid bare, causes reflex contraction of the 
orbicularis ; this increases the irritation, increasing in 
turn the blepharospasm. 

Photophobia is more intense when the phlyctens aro 
near the cornea, than when ata distance. It varies rather 
with their number than their size, and is extreme if they 
fre #0 numerous as to form a ring round the cornea. 
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Burning and grittiness are complained of, especially in 
the evening, when the eyes often become red. Difficulty 
in keeping the eyes open is a common symptom. The 
lids may or may not be stuck together on waking, 

The discharge is slight, most frequently subnormal, so 
that the edges of the lids feel hot and dry, 

‘The eyes may look quite normal on first examination. 
When the lower lid is pulled down the posterior con- 
junctival vessels are seen to be congested, and the 
surface of the mucous membrane is sticky. The palpe- 
bral conjunctiva, upper and lower, may be congested, 
with velvety papilliform roughness. Occasionally it is 
succulent and fleshy, 

‘Treatment consists in climinating the cause and restor- 
ing the conjunctiva to its normal eondition, Errors of 
refraction are perhaps most likely to be forgotten; they 
should be sought oul ax n matter of routine. When heat 
is a prominent etiological factor, ¢.g., in cooks, speciram 
blue glasses may be ordered, since they cut off the heat 
rays to a large extent. The treatment of the special 
local conditions mentioned above will be discussed in 
their proper place. 

Local treatment consists essentially in diminishing 
congestion and restoring the conjunctiva to its normal 
suppleness and secretory activity. It must be remem- 
bored that the condition is largely one of lack of tone, 
due to defective response to prolonged irritation. A 
stimulating treatment is therefore indicated. This is 
supplied by astringent applications, whieh not only net 
by relieving the congestion, but also promote a more 
healthy lymph flow and glandular secretion. 

Tn mild casex weak astringent lotions suflice, ég., 
boracic lotion with zine sulphate, gr. ii. to zi, alum 
lotion, gr. iv. to 3i., &e. Whey should be used two or 
three times a day, not immodiately before going to bed. 
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lnrge, thick rods, placed end io end. They stain well 
with basic stains, are decolourised by Gram, and are 
easily recognised in films. 

T'reatment.-Diplobacillary conjunctivitis responds rea- 
dily to zine salts. These may be applied in the form 
of boracic lotion with zinc sulphate, gr. ii, to 3 i., or as 
drops, preferably the former. Boracie ointment is ap- 
plied to tho lids at night. 

Follicular Conjunctivitis oceurs frequently in children 
and young adults. It 
is characterised by the 
formation of small 
round or oval trans- 
lucent bodies, 1 mm, 
or 2 mm. in diameter, 
in the lower fornix 
(Fig. 99); they are 
less commonly seen 
in the upper fornix, 
never on the plica 
semilunaris or bulbar 
conjunctiva. They 

F16. 9—Diplobueiti (x 1000), «ake Tuised above the 
surface, are often 

arranged in parallel rows, and consist of localised aggre- 
gations of lymphocytes — follicles, sometimes wrougly 
termed granulations—in thi sub-opithelial adenoid layer. 

Microscopically follicles are indistinguishable from the 
solitary lymph patches in the intestine, and often also 
from the follicles of trachoma (q.v.). They do not occur 
in the normal conjunctiva in man. ‘The conjunctiva is 
not reddened or swollen. They persist for an indefinite 
fimo, causing fow symptoms. They disappear without 
leaving any trace, such aa searring (of. Trachoma). 

Follicular conjunctivitis is usually due to overcrowding, 
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forms of disease should always be borne in mind. It is 
n truism, but it ix often disregarded, that an unusual 
type of case is less likely to be a rare disease than an 
unusual manifestation of a common one, A better class 
child with follicles in the conjunctiva is most unlikely to 
be a case of trachoma, whereas, if the child goes to a 
board school in the east ond of London, where there 
are great numbers of trachomatous aliens, the distinction 
of follicular conjunctivitis from trachoma becomes a 
matter of great difficulty. 

‘The changes met with in the conjunctiva in trachoma 
are of two types, Which are often present simultancously. 
The papillary type is not specially characteristic; it is 
usually a more definite form of the papillary enlargement 
and congestion which is met with in other severe forms 
of conjunctivitis. The conjunctiva covering the upper 
tursus ix most affected, und appears red and velvety. 
This condition may pass into one with more uniform 
jelly-like thickening. Only in the comparatively infre- 
quent cases in which no follicles can be seen will the 
true disease pass wholly unsuspected. 

Phe follicular type (Hig. 100) manifests itself in the 
presonce of follicles or “trachoma bodies” in the con- 
junctiva. When amall they cannot be distinguished from 
the follicles of follicular conjunctivitis, and mieroxeopical 
examination shows that they are essentially identical. 
‘They often, however, nssume a size and appearance which 
is seldom or never seen in follicular conjuneti , but 
they differ most in having a characteristic distribution. 
‘The large follicles may be 5 mm. or 6 mm. in diameter, 
‘They aré translucent and look like grains of boiled sago 
(sago grains”). 

The follicles usually commence in the lower fornix, 
but in most cases they quickly appear in the upper also, 
Unlike what obtains in follicular conjunctivitis they are 
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geistiM0us; sometimes the surface becomes broken and 
the contents are extruded into the conjunctival sac. In 
other cases « fibrous capsule forms around the follicles, 
which thus become isolated: more and more fibrous 
tissue is laid down, giving riso to cicatricial bands euch 
as are never formed in follicular conjunctivitis, and are 
very characteristic, 

Bacteriology hus failed to elucidate the pathology of 
the disease, Various specific organisms have been 
described, bub all have failed to resist criticism. 

‘Trachoma is endemic in many parts of the world, ey. 
Russia, Poland, East Prussia, parts of Austria-Hungary, 
Egypt. &c. It shows a predilection for certain races, 
eq Irish, Jews, but it is not racial disease ; the predi- 
lection depends upon the mode of life of the individuals. 
Extended observation militates against the view that any 
race is exempt. 

‘The disease flourishes amongst people who are crowded 
together in unhealthy rooms—in armies, navies, asylums, 
workhouse schools, &¢.—whorever the lower classes are 
herded together. Children and debilitated adults are 
most susceptible, but the robust are not exempt. Tb is 
commoner in low-lying, damp climates. 

‘The disease is spread by transference of conjunctival 
secretion by means of fingers, towels, &c. The presence 
of much discharge, whether of true trachomatous origin 
or due to intercurrent conjunctivitis, increases the liability 
of contagion. 

Complications.—Whilst trachoma very rarely affects 
the bulbar conjunctiva it not infrequently attacks the 
cornea. 

Trachomatous pannus is a lymphoid infiltration, with 
vascularisation, of the margin of the cornea, usually 
limited to the upper half (Figs. 101, 67 C), but tending to 
spread towards the contre and to involve the whole cornea, 
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probably by direct infection, and this part of the cornea 
is most affected because it is covered by the lid both day 
and night. 

Tt may resolve completely, leaving the cornea quite 
lear, but only in cases treated early, when the vessels 
have not yet destroyed Bowman's membrane. In other 
cases & permanent opacity results. Occasionally the 
corneal substance becomes weakened so that the cornea 
bulges under normal intraocular pressure and ectasia 
follows (keratectasia). 

Corneal Uleers ure commonest at the advancing edge 
of the pannus, They are shallow, little infiltrated, and 
very irritable, causing much lnerymation and photo- 
phobia. Indolent central uleers may form, or there may 
‘bo ulcers in any part of the cornea, but ospecially over 
the pannous area. 

Sequeler—Apart from the results of pannus and cornent 
ulceration the most malign effects of trachoma are caused 
by distortions of the lids, A peculiar drooping of the 
‘upper lids is very characteristic of trachoma (trachoma- 
toua ptosis). Tt gives a sleepy appearance to the patient. 
‘There is always some scarring (Fig. 100), and when this 
is groat the shape and position of the lids, especially the 
upper, are altered. Through the great swelling of the 
conjunctiva they may be turned outwards (eetropion), and 
through the later contraction of the sear tissue they may 
be turned inwards (entropion), causing the lashes to rub 
against the cornea (trichinsis), &e. (See Chap. XXEX.) 

Treatment.—{ there is much discharge the case must 
first bu treated with a view to diminishing it and reduc- 
ing congestion. The lids should be painted once daily 
with silver nitrate solution; sublimate lotion should be 
thoroughly used three or more times a day, and baracic 
ointment applied to the edges of the lids at bedtime. 

In a few days the conjunctivitis will be much less, and 
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suffice to bring about that condition of amelioration which 
is usually described as cure Relapses are common, 
occurring sooner or later, according to the length and 
ussiduity of treatment. I am doubtful myself whether 
trachoma is ever really cured by the 
methods adopted. 

In weverer cases more drastic reme- 
dies must be employed. Probably the 
beat of the stronger applications is a 
concentrated solution of perchloride of 
mereury in glycerme. It has been used 
‘as strong ns 4 per cont.; under there 
circumstances it acts ag a caustic. It 
is painted on the fornix and verted 
lids. This treatment is almost un- 
bearubly painful, and ix followed by: 
intense reaction, the conjunctiva and 
lids becoming enormously swollen. 
The pain lasts for several hours, 
gradually diminishing im intensity. 
Ice, or lint wrung out in iced water, 
should be applied to the lids imme- 
diately after the application. There ix 
no doubt that much benefit is derived 
from this treatment. 

When the follicles are nomerous 
and very prominent the treatment is 
shortened by atiacking them mechani. 
cally. This may be done by various 
forms of scarification or expression. In performing any 
operation upon trachomatous patients protective goggles 
must be worn by the surgeon and the immediate attendants. 

The conjunctiva is first thoroughly cocainised. Seari- 
fiontion may be performed with the finger nails—an 
objectionable practice—or by a knife or sharp needle. 


¥1G, 102—Graddy"s 
forceps. 
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aliens is urgently demanded. The isolation of tracho- 
matous school children is already receiving attention by 
the Metropolitan Asylums Board. 

Tubercle of the Conjunctiva is rare: it nenrly alwaya 
produces ulceration. Conjunctival ulceration should 
always suggest either the presence of an embedded 
foreign body or a tubereular or syphilitic lesion. 

Tubercle occurs in several forms: (1) smal! miliary 
ulcers usually on the palpebral conjunctiva ; (2) granules 
on the palpebral 
conjunctiva resem- 
Dling trachoma 
follicles (Pig. 104) ; 
(3) gelatinous cock- 
scomb-like exere- 
sconces on tho for- 
nices ; (4) polypoid 
pedunculated out- 
growths. The con- 
junetiva may be 
affected by extension 
of lupus from the 
Fig. 104—Taborele of tho conjunctiva. frog, 

(After Eyre.) 

The preavricolar 
gland is often enlarged and may suppurate. ‘he disease 
is chronic, and the ulcers are indolent. There is very 
little doubt that the lesion may be the primary seat of 
tubercle, the bacilli being inoculated Into minute abra- 
sions, which are probably always present in the eon- 
junctiva, caused by dust, &. There is little pain or 
irritation unless the ulcoration is extensive, 

It is not improbable that the seeond type in fro- 
quently mistaken for trachoma, and it is possible 
that it is cured by the treatment founded on the 
wrong diagnosis. 
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At is said that atropin may be continued if it is scrapu- 
lously kept away from the skin by covering the lids with 
glycerine or ointment up to the margins. 

‘The conjunctiva soon recovers after cessation of the 
caure, but astringent lotions accelerate the eure. 

Spring Catarrh (Syr.—Vernal Catarrh).—This is a 
recurrent conjunctivitis occurring with the onset of hot 
weather, and therefore rather a summer than a spring 
complaint. Tt is found in young people, associated with 
the usual symptoms of mild conjunctivitis. Burning, 
itching, some photophobia, and lacrymation are the chief 
symptoms. Both eyes are affected. In the cooler months 
the condition subsides and gives no trouble, but recurs 
with the return of heat, The disease is met with 
amongat ull classes, is sporadic, and non-contagious. 

Two types of objective signs are met with: (1) the 
palpebral form; (2) the bulbar form: both may bo 


palpebral conjunctiva is seen to be hypertrophied and 
mapped out into polygonal raised areas, not unlike cobble 
stones. The colour is bluish white, like milk, and this 
appearance is seen also over the lower palpebral 
conjunctiva. 

‘The flat-topped nodules are hard, and consist chiefly 
of dense fibrous tissue, but the epithelium over them is 
thickened, giving riso to the milky hue. In vertical 
section they resemble circumvallate papilla. Eosinophile 
loneoeytes are present in them in great numbers and 
may be found in the secretion. 

Tho palpebral form cannot be mistaken if typical, but 
it may resemble trachoma. The type of patient, the 
milky hue, the freedom of the fornix from implication, 
and the characteristic recurrence in hot weather will 
usually prevent mistake. 








Tongth to the sclerotic und cornea, 
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Treatment.—Pterygium is best left alone unless it 
is progressing rapidly towards the pupillary area, or 
is vory disfiguring. The latter reason is not of much 
weight, since removal cannot be effected without leaving 
m sen. 

‘The apex of the pterygium may be destroyed with the 
actual cautery. Removal is effected by seizing the neck, 
near the corneal margin, with fixation forceps, raising it, 
and shoving or dissecting the apex from the cornea, 
Care must be taken not to go too deep, The pterygium 
is froed from the sclerotic for nbout half the distance 
towards the canthus. Two converging incisions with 
scissors separate the apex and greater part of the body. | 
The conjunctiva is then freed from the sclerotic above 
and below so as to udmit of the two edges being sutured 
together. | 

Pteryginm sometimes recurs after removal. This may 
be only apparent, owing to vascularisation of the denuded 
area. If it actually re-forms and extonds towards the 
pupillary area, it must again be remoyed, 





Syarromarrc Conprrions. 


Subconjunctival Hochymosis, due to the rapture of 
small vessels, frequently occurs. It may ba the result of 
direct injury, or, more commonly, occur spontaneously. 
Very minute eechymoses are seen in severe conjunctivitis, 
espocintly pnoumococcic. Larger ones accompany severe 
straining, especially in old people, ¢.g., on lifting heavy 
weights, vomiting, &c. In these circumstances they 
indicate a weakness of the vessel walls, and should be 
regarded as « danger signal ; any other signs of arterio- 
sclerosis should be sought, and if found, warning of the 
possibility of cerebral hemorrhage given, with appro- 
priate instructions for its avoidance. Very frequently 
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Dermoids are lenticular yellow tumours, usually astride 
the corneal margin, most commonly at the outer side 
eee): Not infrequently there is notch in the upper 

lid corresponding with the position of the tumour. ‘They 
consist of skin in an abnormal situation, with epidermoid 
epithelium, hairs, sebaceous glands, &e, ‘They are con- 
ec to grow at puberty. ‘hey should be 


Prcacsonke or fibroxfatty tumours ure congenital 





H1G. 106,—Dermoid of tho conjunctiva, in a somewhat nuusual situation, 
Note the hairs, 

tumours found at the outer canthus in babies. They 
consist of fibrous tissue and fat, sometimes with dermoid 
tissue on the surface. They are not encapsuled. The 
main mass should be removed, but it will be found that 
the fat is continuous with that of the orbit: care must 
be taken not to injure the extrinsic muscles. 

Sarcoma is rare. It occurs at the limbus, is usually 
pigmented, and most of the pationts have been old. 
Barcomata spread over the surface of the globe, but 
rarely penetrate it. Recurrence and motastasis oceur as 
elsewhere in the body, They may be alyeolar—derived: 









niu trom aseton (X 6) 
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CHAPTER XI. 
DISEASES OF THE CORNEA. 


Tre special importance of diseases of the cornea 
depends upon the fact that they often leave permanent 
opacities which seriously lower the visual acuity, whilst 
the complications which not infrequently attend them 
may lead to the loss of the eye. 


Inriammation or THE Cornea (KERATITIS). 


Inflammation of the cornea may be purulent or non- 
purulent. An enormous amount of research has been 
devoted to inflammation of the cornea from the earliest 
investigations of Bowman (1849) onwards, and much of 
our knowledge of inflammation in general is derived from 
these researches. 

Purulent Keratitis, Ulceration of the Cornea,—Puru- 
lent keratitis is nearly always exogenous, i.e., it is 
due to pyogenic organisms which invade the cornea 
from without. The first line of defence is the epithe- 
lium. It has been pointed out that the only organisms 
which are known to be able to attack normal epithelium 
are the gonococcus and the diphtheria bacillus; but 
many other bacteria are capable of producing ulceration, 
notably the pneumococcus. 

When we remember the exposed position of the cornea 
it is not surprising that minute abrasions are extremely 
common. They are probably of everyday occurrence, 
but other factors have also to be reckoned with. Patho- 
genic organisms of high virulence are not always present 
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irritation may be so great that leucoeytosis takes placa, 
and polymorphonuclear leucocytes are poured out by the 
‘yossols of the iris and ciliary processes. They pass into 
the aqueous and gravitate to the bottom of the anterior 
chamber, where thoy form an hypopyon (Eig. 126). 

‘There are several important facts about hypopyon 
which must be borne in mind. The pus cells do not 
come from the cornea, as was onee thought, This is 
proved by the following facts: (1) Dexcemet's membrane 
is impermeable to leucocytes, though fluids readily pass 
through it; (2) the cells sometimes contain pigment 
granules, obviously derived from the uveal tract; (3) if 
the ulcer has not perforated the hypopyon is sterile. The 
lust fact is of the very greatest importance, both theo- 
retically and practically. It shows that the loucocytosis 
in due to toxins, not to actual invasion of bacteria, 
which, indeed, are as incapable of passing through the 
intact Descomet’s membrane as are leucocytes. It 
accounts for the ease and rapidity with which hypopyon 
is often absorbed: it may develop in an hour or two, 
rapidly disappear, and as readily reappear. Such 
hypopyons are very fluid, always moving to the lowest 
part of the anterior chamber if the position of the 
patient's head ix changed, The fact that the hypopyon 
is sterile has great practical importance—it is unneces- * 
sary to remove the pus, as is the rule in all other parts 
of the body; if the ulcerative process can be stopped the 
hypopyon will be absorbed. 

The hypopyon may be so small that it is scarcely 
visible, being hidden behind the rim of selera which 
overlaps the cornea, It may reach half way up the iris, 
having a flat upper surface in accordance with the laws 
of gravity. It may fill the anterior chamber, wholly 
obscuring the iris. Tho larger hypopyons are usually 
less fluid, owing to the formation of « fibrinous network 
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smooth sears in perfectly quiet eyes, and is even then 
not without danger. Tndian ink ix tattooed into the sear 
with a grooved needle, wader cocain, and with thorough 
antiseptic precautions. More justifiable is the tattooing 
of small central nebuke ; it has the effect of cutting off 
the irregularly refracted rays, so that vision is improved 
(vide p. 225). 

Treatment of Complicated Uleers.—Ii perforation is 
imminent special means must be adopted to prevent it. 


The, 1W2—Lang's specalum, This form is preferable to the or 
{ape as t Keeps the lashes ont of he eld of operations 


The patient should be confined to bed, and laxatives 
M. 

Ti has already been pointed oat that perforation im- 
proves the nutrition of the cornea, Perforation may 
sometimes be anticipated with advantage by paracentesis. 
By this procedure the aqueous is evacuated slowly, and 
the more dangerous results of perforation may be avoided. 
Another indication for paracentesis is extreme pain. 

Paracentesia may be performed through the floor of 
the uleer or just inside the periphery of the cornea. 
When the aqueous has eseaped and the inflamed iris 
comes in contact with the cornes the most acute pain 
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and then to cover it with a ilap of conjunctiva. The 
conjunctiva is separated from the limbas near the ulcer. 
A second incision is made with scissora parallel to the 
first, so that a strip of conjunctiva rather wider than 
the breadth of the uleer is 
separated from the globe but 
remains attached at the two 
ends. This is then shifted on 
to the cornea 80 as to cover 
the aleer. The wound in the 
bulbar conjunctiva may be 
closed by a stitch. The lids 
are then carefully lifted over 
the strip, 30 a3 not to displace 
il, and the eye is bandaged. 

Tf perforation has occurred 
the treatment depends upon 
its size and situation. If it ix 
stuall or in the pupillary area 
prolapse of iris is not to be 
fenred. Rest in bed, atropin, 
and a firmly applied bandage 
suffice: all forced expiration — 
blowing the nose, coughing, 
&c,—must be avoided, Asneeze 
can often be inhibited by firm 
pressure with the finger upon 
the middle of the upper lip 
1. close to the nose. If a small 
perforation is over the iris 
adhesion to the cornea usually 
oceurs. This may become detached when the anterior 
chamber re-forms, or may be drawn out into a fine 
thread. No special treatment is required. 

If prolapse of iris has oceurred it must be excised, No 


i 
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the left hand, is then applied again as near the cornea as 
possible, and the iris drawn still farther out. (Capsule 
forceps (Fig. 124) are very good for this purpose.) De 
Wecker’s scissors are then taken in the right hand, and 
the iris is cut off close to the cornea. If the operation 
has been successfully performed the stump of iris retracts 
into the anterior chamber and is quite free from the 
wound, Atropin is instilled, and a pad 
and bandage applied. 
It is to be noted here that the iris is 
extremely ductile; it can be dragged out 
much farther than might be expected, and 
it must be dragged out as far as possible 
in order that the incision may be through 
clean iris tissue, all the soiled part being 
removed. Some operators prefer to re- 
tain the fixation forceps in the left hand 
throughout, drawing out the iris with iris 
forceps in the right hand. In this case 
the assistant cuts off the prolapse. ‘This 
. _ method hus the advantage that any sudden 
re Bera movement of the eye muy be counteracted 
meals or a or followed by co-ordinated movements of 
be ‘bent to the two hands of the same individual. 
any, required Such sudden jerks have been known to drag 

the whole iris out of the wound, since it 
tears away at its thinnest part, viz., near the ciliary 
border. In ordinary cases the greatest danger is that 
of wounding the lens. A conjunctival flap may be used 
after excision of the prolapse (vide p. 283). 

Inidectomy of prolapsed iris is only possible within the 
first few days, before adhesion has become firm. It is 
not to be performed after this has occurred, nor in the 
case of very large prolapses. 

In very large prolapses there is much bulging and the 
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Sometimes the phlyctens are sp closely packed at the 
limbus that they become confluent and may even surround 
the cornea. Tf they break down and form a ring uleer 
an extremely dangerous condition is set wp. The nubri- 
tion of the whole cornea is endangered, and even if total 
necrosis does not occur an extensive perforating ulcer 
may be formed at the margin. 

More commonly, however, « continuous infiltration of 
the limbus leads to the development of superficial vessels 
at the periphery of the cornea, a condition whieh is called 
phlyctenular pannus (pannus eezematosns or scrophulosts) 
(Fig. 130). Unlike 
trachomatous pan- 
nus (q.t.) it shows 
no special predilec- 
tion for the upper 
part of the cornea, 
Tt is thin and not 
very vascular, and 
usually undergoes 

Pre, 180, -Phlyotenular pannwe complete resolu. 

tion, though the 

course is generally very tedious. It is accompanied by 
intense blepharospasm, 

Treatment of phlyctonular keratitis is the same as that 
of phlyctenular conjunctivitis (qc) until uleerution 
has occurred. In these cases atropin is to be combined 
with the yellow oxide of mercury ointment. Tf the latter 
ciuises much irritation, or if the ulcer is at all deep, simple 
airopin ointment should be substituted. ‘The yellow 
ointment is particularly beneticial in fascicular ulcers, 
but may fail to stop their progress. ho erescentic infil- 
trate should then be cauterised with pure carbolie acid or 
the actual cautery, or the vessels may be destroyed with 
the actual cautery. Pure erbolic does not destroy vessels 


7 | 
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‘ficeetly, and whenever this is desired the actual cautery 
tet he used. These extreme measures are seldom 
fesind in phlyetenular keratitis. Hf a fascicular uleer 
hit alnaidy reached the centre of the cornea and lies 
Over the pupillary area it is not a bad plan to allow it to 
Hvgress still farther, because tho opacity left by the track 
t Waele is less dense than that left at the final site of 


Ring wloer must be treated by hot compresses, atropin, 
Sand a Pressure bandage. 

Deeg, vlovrs and the sears left by phlyctenular keratitis 

MiLSt Ibe treated on general principles (vide p. 230). 
Mexrzinal Uloer.—Apart from the ring ulcers of 
Pllyetenutar koratitis ulcers not infrequently occur in 
this situation in old people, especially in the gouty. 
THOS are shallow and little infiltrated, multiple. 
Sometimes they heal rupidly, but as rapidly recur, so that 
the drags on indefinitely, to the detriment of the 
P*SAent's health. Frequently the ulcers become vascu- 
WE Esed, and the vessels persist, More serious rare forms 
dep marginal ulceration also occur in old people, and 
® Nery serious form of superficial marginal ulcer is also 
et with (ride p. 257). Marginal ulcers are often 
ee by severe neuralgic pains in the face and 








Treotment.—The recurrent marginal uleers of gouty 
poopie are best treated by painting the ulecr with weak 
silver nitrate solution, gr. v. to zi. They often heal up 
quickly after thix application, combined with weak anti- 
geptic lotions. Recurrence, however, can only be 
prevented, and that with difficulty, by constitutional 
treatment, which inclades the special diets and drugs for 
gout, ax well as fresh air and moderate exercise. The 
eyes should be protected with smoked glasses. If this 
treitment fails, and the ulcers are vascular, destruction 
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other lid they are tied, and the freshened surfaces are 
brought into contact. In a few days, if the stitches have 
not torn out, the lids will be firmly adherent. 

In the worst cases the eye is useless, and tends to 
become a source of perpetual trouble. It is then hest to 
excise it, and this may be done without any anesthetic. 

Dendritic Ulcer is the result of herpes febrilis, more 
rarely of herpes ophthalmicus. The vesicular stage is 





F 1a. 132.—Insertion of 
stitches in central 
tarsorrhaphy. 





Fig. 181, —Tarsorrhaphy, A. Interal, by 
Fuchs's method ; B, central; C, median. 


rarely seen, the epithelial wall of the vesicle being 
quickly broken. Minute shallow clear facets, like abra- 
sions, are found in the first stage. They may be easily 
overlooked. They generally cause much pain, lacryma- 
tion and blepharospasm. They may spread in all 
directions, coalescing with others and forming « large 
shallow ulcer with crenated edges. More often grey 
strie extend in one or more directions, increase in length, 
and send out lateral branches, which are generally 
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and warm compresses give most relief. Tt is some- 
times necessary to use coca when the pain is acute, 
though it has a Ind effect upon the epithelium. Oily 
applications—ol. ricini—are sometimes grateful. Pro- 
longed ulceration must be treated as recommended under 
dendritic ulcer (vide p, 257), The general health must 





F16. 135 —Herpes ophthalmicus, 


be attended to; salicylic preparations, ¢., salicylates, 
aspirin, &e., are sometimes usoful. 

Superficial Punctate Keratitis is a rare condition 
allied to herpes fel but no vesicles are formed. It 
commences 48 an acute conjunctivitis. At this stage, 
or aftor it hus passed off, rows of superficial grey dots 
are seen scattered over the cornea, least at the peri- 
phery, They remain unchanged for months, but gradually 
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there ix choroiditis, If the papil of the unaffected eye 
is dilated and the periphery of the fondos carefully 
examined, patehes of anterior choroiditis will not uncom 
monly be found, All these facts support the view that 
the disease is fandamentally a uveitis, and that the 
Keratitis is secondary, ie., merely symptomatic, Clini- 
cally it masks the uveitis, which ix thus liable to be 
overlooked, and hence the disease is called a keratitis. 








Fig, 137,—Section of interstitin’ keratitis, showing infiltration confined 

to the deeper layers of the substantia jeopria (x 60), 25 opithelivm + 
Hatz Borrasa’s mnerleaness tp, eaeocartis oopeuy Dare ome 
mombrane with endothelium, 








It is of the utmost importance to realise that this iw 
the true pathology, since treatment must be directed 
to avoiding the deleterious results of irido-cyclitis rather 
than those of keratitis, 

Aitiology.—1 has already been stated that nearly all 
cases which are not obviously secondary to tubercle of 
the iris, &e.—nnd these ure rare—are due to congenital 
syphilis. Owing to the importance of diagnosing this 
complaint in doubtful eases the principal signs may be 


enumerated, 
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finally mot, and an opaque line is formed completely 
round the cornea. It is characterised hy being separated 
from the margin by a narrow line of comparatively clear 
cornea. Tt ix sharply defined on the peripheral side, 
fuding off on the central. Tt is never more than sbout 
1mm, broad, and is of no importance, either from the 
point of view of vision or of the vitality of the cornea. 

Arcus juvenilis is exactly similar to arcns  senilis, 
but is a rare condition found in children, Even areus 
senilis may develop at a comparatively carly age, but the 
juvenile condition is 
probably congenital, It 
is of no importance, 
‘The characteristic ding- 
nostic feature of both 
these opacities is the 
presence of a line of 
clear cornea between 
ther and the limbas, 
This is occasionally 
found in old sclerosing 
keratitis, but in this 
5 tansbared opacity af ease the opacity. is 

: usually localised to 
some one part of the cornea and extends farther towards 
the centre. 

Band-shaped Opacity (Syn—Trimsverse Caleareous 
Vilu, Zonlar Opacity).—This ix» common condition in 
old, blind, shrunken eyes. It is due to defective nutrition 
and exposure. It lies entirely in the interpalpebral area, 
commencing at the inner and outer sides, and progress- 
ing until it forms a continuous band across the cornea 
(Pig. 145). Near the corneal loops, just inside the 
limbus, thé cornea is generally relatively elear, ‘The 
condition is due to hyaline degeneration of the superficial 
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ophthalmoscope mirror at a distance of 1 metre a ring of 
shadow concentric with the margin is seen on the red 
reflex, altoring its position on moving the mirror. I¢ is due 





toa zone through which few rays pass into the obser 
eye owing to the emergent rays on the central 





being convergent whilst those on the peripheral « 
divergent. 

The patient becomes myopic, but the error of refrac- 
tion cannot be satisfactorily corrected with glasses owing 
to the hyperbolic nature of the curvature. The condition 
is almost invariably bilateral, though frequently more 
advanced on 
slight and very slowly progressive, or the rverse. In 
the later stages the apex may become opaque, but 
ulceration, rupture, incron 

Treatment.—Various methods have been adopted to 
stop the proc 
best treatment is cauterisation of the apex with the 
actual caute The cauterisation at the extreme apex 
must be deep, and perforation here has been advocated. 
‘The latter procedure is not without danger to the eye. 
Some operators remove a stall wedge-shaped slice from 
the thickness of the cornen at the apex. ‘This ix moro 
difficult to do and does not give better results on the 
whole than the cautery. ‘The scarring from eauterisation 
is much less than might be anticipated, but it may be 
advisable to do an optical iridectomy if vision is still very 
bud. 

Keratoglobus ix the of the 
whole cornea which is met with in infantile glaucoma 














neside than the other. It may be extremely 





» of tension, &¢., do nob occur. 











4s, Mintien are probably useless. ‘the 
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(qe). 
Syupromaric Conprrions, 
There are many pathological conditions of the cornea 


which are merely evidence of disease in other parts of 





the eye or of extension of disease. Some of these are 
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without any apparent cause in cases of the herpetic 


type. 

Koratic Precipitates, usually badly termed “ keratitis 
punetata ” or“ k.p.” in England, are often deposited upon 
the back of the cornea in cyclitis and iridocyelitis. The 
greatest care must be taken nob to overlook these, since 
they may be almost the only objective sign of serious 
disease, They may be on the back of a clear cornea or 





Fic, 146,—(Edema of the cornea and vesicular “ keratitis,” from» 
glancomatons eye {% 60). 


the deeper layers may be infiltrated as a result of the 
iridocyclitis; thus, they are not uncommon in interstitial 
keratitis, Their appearance and nature will be described 
in discussing their cause (vide p. 301). 

Opacities of the cornea are often secondary or xymp- 
tomutic. Such are the grey or white, usually tongue. 
shaped marginal opacities which follow scleritis. Owing 
to their resemblance to the sclerotic they are called 
sclerosing “ keratitis (cide p. 280). 
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paint or in the form of drops is followed by dark brown 
staining of the conjunctiva and slight staining of the 
cornea. The condition is called argyrosis, and in the 
conjunctiva is found to be due to impregnation of the 
elastic fibres with metallic silver; in the cornea Desce- 
met’s membrane is stained. It is permanent ; hence silver 
solutions, including protargol, argyrol, éc., should never 
be ordered as drops or for use at home, at any rate 
without stringent injunctions. 

Blood in the cornea is rare. It may occur as a bright 
red spot quite superficially at the margin or as a greenish 
or rusty stain over the whole surface. In the latter case 
it is due to blood in the anterior chamber, associated 
with high tension—a relatively infrequent combination. 
‘The stain is due to minute red-shaped granules of deri- 
vatives of hemaglobin in the lamelle. It clears very 
slowly from the margin, and in this stage resembles 
extraordinarily the appearance of the lens when it is 
dislocated into the anterior chamber. 

‘Tumours of the cornea, so-called, are probably always 
secondary extensions, most commonly from the con- 
junctiva, the limbus being a favourite situation for these 
growths (vide p. 217). 
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and therefore looks violet, not bright red. It is extremely 
chronic, never ulcorates, und may be entirely absorbed, 
but more frequently leaves a slate-coloured sear behind, 
to which the conjunctiva ix adherent. The cornet and 
nyexl tract rarely participate in the inflammation. 

There may be little or no pain, but usually there is a 
feeling of discomfort and tenderness on pressure, and 
severe “neuralgia” is often complained of. The nodule 
leeomes gridaally absorbed, in the course of days, or, 
more frequently, weeks, but during the process of 
absorption, or soon after, 
fresh nodules of the samo 
type arise. In this manner 
the disease may drag on 
for months. oth eyes are 
frequently affected. In the 
worst cases the disease ex- 
tends inte the deeper parts 
of the sclerotic, and thus 
passes almost imperceptibly, 
into scleritis, 

Fra, 48 —Episcleritis. Anatomically dense lym- 
phocytis infiltration of the 
subconjunctival and episcloral tissues is foand, 

Rheumatism and gout are commonly indieted as the 
chief causes of episcleritix. A history of acute rhenma- 
tism is rarely obtained; more commonly there has been 
well marked “tmuscular rheumatism.” Tubercular or 
syphilitic patients seem predisposed, and almost invari- 
ably there is nome cause of general debility. It is 
commonest in elderly people (cf. scleritis), and in 
women, 

Treatment.—General treatment is of more avail than 
local. Even in eases in which no history of rhoumatism: 
can be elicited, salicylic preparations—salicylates, saliein, 
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often than men, ‘The causes are obscure, but of the 
same type us in opiseleritis. 

Sceleritis is most serious on account of its sequele and 
complications. Uveitis of some kind is probably an 
invariable accompaniment. It is uncertain whether it 
may be a result or a canse of the scleritis; most probably 
it is neither, but both are dae to a common cause. 
Ciliary staphyloma leads to distortion of the globe, and 
vision is impaired by this and by the many deleterious 
effects of the uveitis, Secondary glaucoma usually 
follows, 

Apurt from these complications seleritis nearly always 
extends to the cornea, cansing 
sclerosing keratitis (Pig. 149). 
An opacity develops at the 
margin of the cornea near the 
scleritic nodule, Ibis approxi- 





| 
| 
being towards the centre of — 
= Heating) the cornea, Similar opacities | 
may develop farther from the 
margin and even at the centre. ‘The opacities are grey 
or greyish yellow, becoming denser until they exactly 
resemble the sclerotie—hence the name, There is little 
or no vascularisation, and olceration never oceurs. Some 
clearing from the centre towards the periphery, as well 
as near the marginal corneal loops, occurs, bnt the 
densest parts usually persist as bluish clouds. The 
whole margin of the cornea may become opaque like 
the sclerotic, but the pupillary area almost anya 
esenpes. 

Treatoent is the same os for episcleritis, Dionin au 
subconjunctival injections of saline, &¢,, have been 
recommended. 
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Ulceration of the sclerotic is always secondary, either 
from without or from within. Extension from the con- 
junctiva is almost always due to tubercular ulceration, 
rarely syphilitic. Extension from within is almost 
alvays from the iris or ciliary body and is usually 
tubereolar in the case of the iris, syphilitic in that of 
theciliary body. Ulceration of malignant growths which 
have perforated the sclerotic also occurs—sarcoma of the 
iris or ciliary body, glioma of the retina. All these 
conditions are rare. 


CHAPTER XIII. 
DISEASES OF THE IRIS AND CILIARY BODY. 


Tue uncouth term uveitis has the merit of emphasising 
an important fact, viz., the close relationship which 
exists between the anatomically distinct parts of the 
uyeal tract. It draws attention to the frequency with 
which inflammatory processes involve the tract as a 
whole, and are not strictly limited to a single part. This 
is particularly well exemplified in inflammation of the 
iris and ciliary body. Probably iritis never occurs 
without some cyclitis, nor, a fortiori, cyclitis without some 
iritis. The disease is called iritis or cyclitis according as 
the iris or ciliary body is the more affected. The same 
disposition is also seen with regard to the choroid, though 
in less degree. General uveitis is most common in the 
more chronic types of inflammation, but it is probable 
that the ciliary body is often involved in many cases 
which we are accustomed to regard as pure choroiditis. 

For convenience of description it is best to consider 
diseases of the various parts of the uveal tract separately, 
but the anatomical, physiological, and pathological 
continuity of the parts can be scarcely too forcibly 
insisted upon. 


InrLamMation or tHE Irts anp Cittary Bopy. 


Iritis.—In order that iritis and the special dangers 
which attend it may be thoroughly understood, it is 
necessary to remember the anatomical arrangements of 
the iris and the pathological changes which occur in it. 
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stimulated the sphincter overeomes the dilatator, 30 that 
constriction of the pupil follows. 

It is easy now to understand the chief siqus of iritis. 
The pupil is constricted, partly owing to hyperemia, 
partly to irritation; the edge of the pupil 


He 


irregular. The reactions of the pupil are sluggish, 
partly owing to the same causes which induce con- — 
striction, partly to what may be termed water-logsing. 
‘The latter condition canses an alteration in the appear- 
ance of the iris, The delicate iris pattern, instead 


FE 





Fie. Tipe Sree os poe mentation, the blae 
bes ert ceeaiaaiaien iris becomes bluish 


brown irides show less difference, but become greyish 
or yellowish brown. In any case comparison of the 
colour of the two irides will usually reveal some slight 
difference, for iritis is generally unilateral during the 
aente attack. 

As a result of the change in colour and blurring of the 
iris pattern, the hyperemia of the iris itself is not very 
obvious, but it manifests itself in circumcorneal ciliary 
congestion (vide p. 96). This is most marked if the 
ciliary body is seriously involved, but the conjunctival 
vessels axe also frequently moderately engorged, so that 
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with exudates which may organise. These then tie down 
the whole of the back of the iris to the lens capsule; this 
condition is called total posterior synechia (Pig. 152). It 
leads to retraction of the peripheral part of the iris, 50 
that the anterior chomber becomes abnormally deep at 





Fig. 152—Total posterior pean xT, from a cave of plastia tida- 
iby 


Syellts commencing £0 cause phils Dulbl. Tha rit 
aberint to the lous capenls, ad the periphery is Tetrnotel 
8 delicate atm ry membrane (ocelusio pupill), ‘There 
4a alo au anterior capwulas catataots due to 1  atarnmaation HL eon: 
tains calcaroous deposits, as shown by the patel of dark staining. 
‘The ciliary body is degmnorated and detached froma the sslarotie ak the 
aaa, part. The retina Is completely detache? and folded behind 


the periphery, sometimes much deeper than in the 
centre. 

Tritis is most frequently mistaken either for conjunc- 
tivitis or for glaucoma, The points which distinguish it 
from conjunctivitis will be gathered from what has 
already been described. The error of mistaking iritis for 
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flnid is retained within the eye and the intraocular tension 

rises (ride p. 309). | 
Organisation of the exudates in the pupillary area leads | 

to the formation of an inflammatory pupillary membrane 

or occlasio pupille, This interferes directly with the 

transmission of light rays and is often associated with 





Pia. 154.—Iris bombé, with very broad perl anterior syneotia, 
sminular posterior aynechia (sccusio pupilln), nod infantmntary 
popilary Tmotbrans (oosliio pepilla). “Them is also an 
‘caperlay cataract. 


ring synechia, with or withont total posterior synechia 
(vide p. 287). In such cases there is generally plastic 
cyclitis and the eye is irretrievably affected, 

Repeated attacks of iritis lead to atrophy of the iris, 
which becomes dirty grey, like felt or blotting paper. 
Red streaks often mark the site of permanently dilated 
vessel, usually of now formation and therefore not 
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‘These cases are characterised by the formation of yellowish 
rod nodules near the pupillary and ciliary borders of the 
iris, but not in the intermediate region, The nodules are 
usually multiple and vary in sive from that of a pin's 
head upwards (Fig. 156). Tt has been customary to 
consider these nodules either condylomata or gummata, 
according to the stage of the complaint. There is no 
good ground, either elinical or pathological, for the distine- 
tion, and the term gummatoua tritis may be used for all 
these cases. ‘hero is generally much exudation in gum- 
matous iritis, and broad synechia 
are formed. The nodules are 
liable to be mistaken for tubercle 
(q-0.) or sarcoma (7-7): the 
absence of iritis and the presence 
of only a single nodule usually 
distinguishes the latter condition. 
Gummatous iritis may rarely 
eee extend to the corneo-sclera at 
Hag, in the secontury the angle of the anterior chamber 
ag ope leg und lead to perforation of the 
of the iris, (Netileship, globo. 
fom acewiog by W- — Gonorrheal Tritia is probably 
more common than is generally 
supposed. It occurs especially in those eases which have 
gonorrheal “rheumatism,” and seldom supervenes until 
after one attuck of arthritis, usually in the knees. Tt 
exhibits no special signs: it tends to recur, often daring 
the onset of a gleet or arthritic attack. There is litle 
doubt that it is a metastatic infection. Another, more 
characteristic form may occur during the acute attack. 
‘The exudates into the anterior chamber then have a 
peculiar gelatinous appearance. 
“ Rheumatic” Lritia.—ln patients with iritis, in whom, 
no specific or gonorrhaal taint can be di: a 
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(vide pp. 199—200). Simple iritis ia said to be sometimes 
tubercular: this form is excessively rare. 

Tn conglomerate tuberele of the iris the cornea-selera 
at the angle of the anterior chamber almost i 
becomes ultimately eroded and involved. The wall of 
the globe is thus weakened and eventually gives way. 
‘The tubercular mass then grows rapidly through the 
perforation, and a large portion of the iris may become 
prolapsed. In this mannor the eye is inevitably lost. 

Sympathetic Iviti—See Sympathetic Ophthalmia, 
Chap. XX1. 

“ Serous" Tritis.—See p. 300. 

Secondary Iritis ; Purulent Iritix—See Chap. XXL 

Treatment.Dilatation of the papil with atropin and 
hol applications are the essentials of local treatiment. 
Atropin acts in three ways: (1) by keeping the iris and 
ciliary body at rest; (2) by diminishing hyperemia ; 
(8) by breaking down posterior synechim and preventing 
the formation of fresh ones. It may be used in the 
form of drops of a L per cent. solution or as an ointment 
of the same strength. I prefer the ointment for the 
following reasons: (1) its action is more continuous; (2) 
it is easier to apply, since it usually works into the eye ~ 
even if only rubbed along the lashes; (3) it is less likely 
to cause aymptoms of poisoning, which are not uncommon 
with the drops in children. Symptoms of poisoning— 
dryness of the throat, flushing of the face, delirium, &e. 
—are duc to the excess of solution—often considerable 
in unskilfal hands—passing down the nasal duct into 
the nose and throat, The dose administered in this 
manner is never lethal. 

Atropin should be pushed in the early stages. This 
is best done by frequency of application rather than 
increased strength. Every four hours is usually sufficient. 
When the pupil is well dilated, two or three times a day 


a = 


— 


300 DISEASES OF THE EYE. 


results in abolishing or seriously diminishing the secretion 
of nqueous. Hence the intraocular tension becomes 
lowered and the eye is quite soft to the touch. The 
walls of the globe fall in, and the eye becomes shranken 
—phithisis bulbi (qp6tvn, to waste) (Fig. 157). After this has 
ocearred degenerative changes supervene, and the choroid 
becomes converted after months or years into bone. 
Chronic Irida-cyclitis (Syns.—Simple Cyclitis, * Serous 





is er Paskat Sal dae ta eral (8 
Trivia Ty lone; Choy ciliary bay 5 Ch 
detached and folded ed up behind lens, separated from’ ohdroid by 
‘slbaminous congnlam ; Sel, welerotic. 


Ivitix").—This ix an extremely insidious and chronic 
disense, characterised by diminution of vision with 
slightly marked physical signs. In severe cases there is 
ciliary congostion, tenderness on pressure over the 
ciliary region, deep anterior chamber, precipitates 
(keratitis punctata”) on the back of the cornea, and 
dust-like opacities in the vitreous. The tension is usually 
slightly raised in the earlier stages, lowered in the later. 
There may be cdema of the upper lid and neuralgie pain 


— 
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This is called n congenital coloboma (eoMBopa, mutila- 
tion) of the iris (Fig. 159). It is usually downwards or 





Pre, 160. 





Wi. 161. 
Perincest papilisay membranes. In Iig. 16%, note the origin of the 


‘Mrands froin the position of the minor arterial circlo, In Fig. 164, 
‘the strands are adherent to the lens capsale, which bas finely 
pen ite eurface, 
down and alightly in, corresponding with the position of 
the fatal, so-called choroidal cleft : such 4 coloboma is 
‘called typical. Colobomate are found in other directions, 


— i 


306 DISEASES OF THE EYE. 


and are then called atypical. ‘Typical eoloboma of the 
iris is often associated with typical coloboma of the 
choroid (g.r.). 

Persistent Pupillary Membrane is due to persistence of 
part of the anterior vascular sheath of the lens, a fetal 
structure which normally disappears shortly before birth. 
Fine threads streteh across the pupil, or may be anchored 
down to the lens capsule (Figs. 160, 161). They are dis- 
tinguished from post-inflammatory synechie in always 
coming from the anterior surface of the iris just outside 
the pupillary margin, i.e., from the position of the corona 
or cireulus iridis minor. Such tags are of frequent 
occurrence and are of no pathological importance. 
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Tru glaucoma may be conveniently divided into two 
forms, primary and secondary. Primary glaucoma, 
acute and chronic, has been called idiopathic, since it 
comes on without any apparent fundamental cause. 
Since the pathology of secondary glaucoma has been 
fairly well elucidated and throws some light upon that of 
primary, the former will be considered first. 

Secondary Glaucoma.—We have seen that the in- 
creased tension of irido-cyelitis is due to defective filtration 
of the aqueons at the angle of the anteriorchamber owing 
to the viscous nature of the fluid. Secondary glaucoma 
is almost invariably due to mechanical obstruction at the 
sume spot. Usually the obstruction takes the form of 
adhesion of the iris to the back of the corneo-sclera. This 
peripheral anterior synechia causes the obliteration of 
the network of the ligamentum pectinatum iridis, and 
prevents the fluid from gaining access to the canal of 
Schlomm. It is therefore imprisoned within the eye and 
the intraocular pressure rises. In order that this may 
occur it is necessary that the angle should be obliterated 
over a considerable part of its cireumference, but there 

» isa great tendency in most eases for the cause which has: 
produced partial peripheral anterior synechia eventually 
tocomplete the circuit. In some cases in which secondary 
glaucoma supervenes there is no actual synechia, but the 
meshes of the ligamentum pectimatum are choked with 
Jencocytes, pigment granules, fibrin, &c. 30 that filtration 
is inefliciont. 

Though this is undopbtedly the immediate cause of 
secondary glaucoma it is itself produced by a variety of 
conditions. Most of these are various forms of anterior 
or posterior synechin. 

When an anterior synechia is formed the plane of the 
iris is ndvanced, xo that the angle on this side is made 
more scute than normal, The cause which led to the - 
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PLATE IV, (To face p. 308.) 
Fig. 1.—Inferior crescent (‘* Fuchs's coloboma”). Note the distortion of 
the disc, which is unusually well marked in this case. 


Fig. 2.—Cupped dise in glaucoma. R. and L. dises from a case of 
primary ginucoma. Note the bending of the vessels in the R. eye, 
the scleral rings, and the exposure of the laminze cribrose, 
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secondary glaucoma causes blindness. The prolonged high 
tension then causes degeneration of the ciliary body, 
which ceases to produce so much fluid, so that finally the 
tension may be normal or even eub-normal, and the eye 
may shrink. ‘The condition is relieved by iridectomy, 
or if this iz impossible, by iridotomy. 

(3) Wound of the lens.—When the lens ix wounded it 
swells (vide p. 499), and pushes the iris forwards into 
contact with the corneo-sclera, Mere apposition is 
sufficient to produce permanent secondary ghineoum, 
which should at once be relieved by operation (vide p. 440). 
If this is not done the iris become adherent to the 
corneo-sclera and the glaucoma becomes permanent, 
although the lens may be eventually absorbed. 

(4) Dislocation of the lens.—This may be complete, 
through the pupil into the anterior chamber, It then 
blocks the angle, espocially if the iris is firmly contracted 
against its posterior surface. Partin! lateral dislocation 
of the lens causes it to push forwards the iris on the side 
towards whieh it ix dislocated. Since the cirele of the 
equator of the lens is not much xmatler than that of the 
angle « considerable portion of the latter is blocked, and 
secondary glaucoma supervenes. 

(6) Intraoewlar tumour.—The mechanism whereby this 
produces secondary glaucoma will be described later 
(vide p. 408). 

(6) Intraocular hemorrhage.—Severe intra-vitreous or 
sub-choroidal hwmorrhage forces forwards the vitreous 
and lens, so that the iris is pushed into contact with the 
cornea. It also acts by filling the eye with « highly 
albuminous fluid whieh filters with dificuliy, If the 
vessel which bux raptured is large the tension may be 
raised to that of the blood pressure. 

A special type of glaucoma is sometimes met with 
afer retinal hemorrhage, which may be due to unknown 
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or advanced life, It is commonest in women, who are 
most liable to venous congestion in various parts of the 
body. Hypermetropic eyes are more susceptible than 
thoxe with normal or myopic refraction ; in fact, primary 
glaucoma is rare in myopic eyes. This has been shown 
to bo due not to the hypermetropia per se, but to the 





Fic. 162.—Normal angle of anterier chamber, 


smallness of the eyes. In order that an eye may be 
hypermetropic it is not necessary for it to be small, bat 
a3 a matter of fact hypermetropie eyes usually are susall. 
Tt has been found that the size of the cornea is a good 
criterion of the size of the ring formed by the ciliary 
processes, ive., of the cireumiental space. The size of 
the lens varies little in different eyes of patients of the 
same age. It follows, therefore, that an eye with « small 


AT | 














320 DISEASES OF TIT I 


instead of jet black. The optic dise is deeply cupped. 
The tension is high, usually as hard as etone. 

Such an eye is generally painful, with temporary 

exacerbations, though patients often prefer to bear the 

pain rather than 

submit to excision. 

If it is still retained 

geen, degenerative changes 

occur. The more 

important are due to 

giving way of the 

FIG. 166.—Dingram showing intercalary gelerotic before the 

pies continued high intra- 

ocular pressure. In this manner scleral staphylomata 

are produced. These may be in the neighbourhood of 

the ciliary body—ciliary staphylomata, or at the equator 
—equatorial staphylomata. 

Anatomical investigution shows that ciliary staphylo- 
mata are of two kinds. In 
one, the region where the 
iris is adherent to the 
corneo - sclera gives way 
(Fig. 166). These are 
called intercalary staphylo- 
mata (Fig. 167). In them 
the iris projects into the 
anterior chamber from an 

Fia, 167.—Diagram showing inter- altachment at thé, anterior 

ve calary staphyloma, margin of the staphyloma, 
whilst the ciliary body, 

little altered, forms the posterior margin. ‘The other 
_ form is the true ciliary staphyloma (Fig. 168). In them 
the region of the ciliary body itself gives way, so that 
it becomes spread out over the inner surface of the 
ectasia. In many cases both parts become ectatic. 














CHAPTER XV. 
THE LENS. 


Tue lens is composed entirely of epithelium, which is 
surrounded by a cuticular envelope or capsule. It is, 
therefore, subject only to degenerative changes, and is 
incapable of becoming inflamed. Degenerative changes 
in the lens invariably result in loss of transparency in 
the parts affected. This condition of partial or complete 
opacification is called cataract. 

‘The degenerative changes commence by the accumula- 
tion of fluid between the lens fibres, so that spindle 
shaped spaces are formed. These, in the first instance, 
cause opacity merely by the irregular refraction which 
they induce. Later, the fluid contains albuminous 
deposits which are actually opaque: these form globular 
masses, called Morgagnian globules. At a later stage 
the fibres break down into rounded masses which are 
indistinguishable from the Morgagnian globules. 

Cataracts are classified according to the position and 
extent of the opacity or opacities in the lens, and it is 
found that the situation and distribution corresponds 
with various combinations of clinical conditions—age, 
goneral disease, &c. In some cataracts the opacities 
spread and fuse until the whole lens becomes opaque ; 
such are called progressive cataracts: in others they 
remain stationary. Senile cataract, which is the com- 
monest form of all, is a progressive cataract. 

Senile Cataract.—This, as its name implies, rarely 
occurs in persons under fifty years of age. 














a ‘witecl, ‘¥tG_ 176. —Lamellar estaract. 


Satlen elas slighhiy into the clear arco (Fig. 176). They 
‘are called riders, and are due to spindle-shaped opacities 


‘two concentric rings of opacity 
wre seen. The cataract is usually 
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Pra. 177.—Lamellar cata- 


pupil. The dimi- et, wih rey sent 


ep 
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dependent upon the density. The patients are 
fo be “near-sighted" because they hold 
to the eyes; this ix in order to obtain larger 


re. 


is no doubt that lamellar cataract is due ton 
n—2 
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poriod of malnutrition at some stage of late intra-uterine 
or early infantile life. This is shown especially by the 
almost invariable accompaniment of defective enamel in 
certain of the permanent teeth, This hypoplasia differs 
essentially from the condition of the teeth in congenital 
syphilis. ‘I'he teeth have a honeycombed appearance, 
with transverse lines across them, the incisors and canines 
being most affected (Mig. 178). 

The couse of the malnutrition is probably to be found 
in errors of feeding and possibly exanthemata, There is 
some reason to think that rickets is 1 cause, and con- 
genital syphilis has been indicted, bub on insnfficient 
grounds. A history of convulsions is extremely common. 

Treatment depends upon the density and the diameter 

of the opacity. In cases with 


dense opacity and very poor 

BEIRT vivir Sits ste pape 
“174.—Hypoplasiaoftecth, the treatment depends upon 
sis a the diameter of the opacity, 
If it is small with « wide area of clear cortex, and if 
distant vision is much improved when the pupil is dilated 
and the refraction corrected so far as possible, an optical 
iridectomy should be performed. ‘These cases are, unfor- 
tunately, quite uncommon. Usually the opacity is large, 
and it is then necessary to remove the lons. This has the 
grave disadvantage that it abolishes accommodation, Since 
the pationta are almost always seen when quite young the 
central core of the lens does not yet form a hard nucleus. 
Non-selerosed lens fibres become absorbed if the aqueous 
gains access to them. Hence lamellar cataract can be 
treated by discission or needling, whereby an aperture is 
made in the anterior capsule through which the aqueous 
enters. This is the ordinary treatment of lamellar cata- 
racb, bub it should not be employed unless the vision is 
vory seriously impaired or the othor methods of treatment 
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urine should be tested as a matter of routine in wll cases 
of cataract. 

Diabetic cataract, though usually occurring in patients 
with @ large percentage of sugar in the urine, ie not due 
to the mere presence of sagar in the aqueous. This is 
never sufficiently concentrated to cause cataract per ae, 
‘The causa is unknown, but is probably due to some dele- 
torious agent in the lymph secreted by the ciliary body. 

Treatment, Tt ik impera- 
tive in all cases of true 
diabetic cataract to treat the 
general condition before: 
adopting operative measures. 
It is rare for the opacity to 
clear up under such treat 
mont; but since cases do 
ocour, and sinee operations 
upon the eyes of diabetic 
patients have special dangers 





FrG, 184.—Coloboia of the tens % . 
Gweis Gag, The diretinn of their own, this chance 


of the colotoma, upwards is should always be afforded. 
somewhat unusual, Note tho 2: 
defective development of the If general treatment is 


iispemory Mgament of te Onsuecessfal the — cutarnet, 


Tens, 


must be extracted. fn spite 
of the special difficulties attending the operntion the 
resulia are often quite satisfactory, though « guarded 
prognosis should be given. Contrary to what might be 
anticipated, the wound usually heals well. The spécial 
dangers are Jocul and general. Of the former, the ten- 
dency to severe iritis and to hwmorrhage are the moat 
important, The necessary manipulation of the iris is 
likely to set up traumatic iritis of a peculiarly violent 
type. TIridectomy in the course of the operation may 
be attended with much hwmorrhage, which not only 
obseures the view of the fleld of operation, but may 














CHAPTER XVII. 
DISEASES OF THE CHOROID AND RETINA. 


Ir has already been pointed out that different parts of 
the uveal tract rarely suffer alone. This intimate con- 
nection is most marked in the anterior parts, and 
clinically the evidence of cyclitis when the choroid is 
inflamed is slight, though not entirely wanting. The 
outer layers of the retina are dependent for their nutri- 
tion upon the choroid, so that when the latter suffers 
the former is always involved secondarily. Primary 
affections of the retina occur without involvement of the 
choroid: primary affections of the choroid invariably 
involve the retina secondarily in greater or less degree. 
This profound relationship between the retina and 
choroid, so indisputably manifested clinically, renders it 
advisable to consider their diseases in close connection 
with each other. It will be found that some diseases 
commonly designated as “retinitis” are in reality secon- 
dary to a primary choroiditis, whilst others also included 
under the same term are not inflammatory, as is sug- 
gested by the word. It is well, therefore, to bear in mind 
that “retinitis” is used in a broad sense. The same 
ambiguity is noticed in the use of the term “ choroiditis,” 
which frequently designates a purely degenerative 
condition, without any evidence of inflammation. 


Primary AFFECTIONS OF THE CHOROID. 


Inflammation affecting the choroid primarily—choroid- 
itis—occurs in two forms, exudative and suppurative. 
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whereby the white reflex from the selerotie is permitted 
to shine through (Fig. 187). 

The pigment of the retinal pigment epithelium is 
extremely resistant, even though the cells which contain 
it be destroyed. It tends to become heaped up into 
masvos, partly intra-, partly extra-cellular: moreover the 
pigment cells are stimalated to proliferate. Isolated 
masses of black pig- 
ment aré thus formed 
in the white areas, but 
more particularly at 
the edges, so that in 
the atropie stage white 
spots surrounded by a 
black zone of pigment 
are seen (Fig. 188). 
The process has then 
reached its natural 
termination, and these 
spots remain perma- 
nently almost un- 
acethay g, cvytile altered. 


n.) @, atrophy of pigment epithe. Meanwhile fresh foci 


lium; }, atrophy of epithelium and 9 . 
choriocapiliari. “exposing “the, large 8ri8e and pass through 


chomidal vessels; , spots of complete the same stages, until 
exropby, wang with Piement SCOUT A natty the whole fun: 
dus may be covered 
With atrophic spots. Tn the milder eases only a few spots 
are formed and the exudates in the vitreous become 
reabsorbed. In the more severe the spots aro very 
numerous, the vitreous opacities increase, and finally the 
nutrition of the lons suffers and a complicated cataract 
(q.e.) resulta, 
‘The symptoms in the carly stages are principally 
the defects of vision due to the retinal lesions and to 
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cloudiness of the vitreous. The spots are slightly raised, 
so that the contour of the retina is altered. This causes 
distortion of the images, giving rise to similar appearance 
of distortion of the objects seen—metamorphosia: thus 
straight lines appear to be bont in various directions. 
Frequently objects appear smaller than they are— 





Fra. 188—Section of a patch of disseminated chorviditis, showing the 
rape ‘af the degenerated retina (1) and cborotd (C8.) (x 00). Note 
tha beseing se at a orrge pigment epitheliam (2) at the elges of 


micropsia; sometimes langer—macropsia: these results 
are probably due to separation or crowding together 
respectively of the rods and cones. Subjective symptoms 
of light—photopsim—occur, such ws flashes of light, &c., 
due to retinal irritability. 

In the later stages the affected spots are incapable of 
giving rise to visual impulses, so that positive insular 
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scotomata exist in the field of vision. Their relative 
importance depends upon their situation, Peripheral 
scotomata may pass unnoticed, but central xeolomm 
destroys direct vision. Peripheral vision still permits 
the patient to get about well, but all fine work is 
impossible. 

‘The disease is chronic, organisation of the exudates 
taking several weeks. ‘The occurrence of fresh spots may 
extend the acute stage over months, and the ultimate 
defects are permanent. 

As already mentioned the disease is usually due to 
syphilis, generally acquired, sometimes congenital, but 
in many cases the cause is obscure, anmmiaand disorders 
of nutrition being assigned. The changes produced by 
myopia cause similar signs and symptoms; they are nob 
inflammatory, but degenerative from the commencement 
(Chap. XXIV.) 

Treatment is primarily that of the etiological factor— 
syphilis or such cause as can be discovered. Lodide of 
potassium may assist absorption in all cases, and should 
be administered, ‘Lhe general régime advised for eyclitis 
(qe) is suitable in these cases. Marked irritative 
symptoms indicate the use of dark glasses, the abandon- 
ment of all near work, and sometimes the application of 
leeches. 

Anterior Choroiditis is also usually syphilitic, and mani- 
fests itself in the same form as disseminated, but ix 
confined to the peripheral parts of the fundus. On. this 
account it ix frequently discovered only by the ophthalmo- 
scope. Similar changes are also found in high myopia. 
Simple pigmentary changes at the periphery occur in old 
people as a senile degeneration. 

The periphery of the fundus is often peppered over 
‘with minute spots of pigment in congenital syphilis; this 
is possibly a purely retinal uffection. 1t can only be 
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usually near the anterior part of the eye, a fangating 
maas appearing under the conjunctiva. ‘The chronic 
forms of tuberele of the choroid may nearly simulate 
glioma of the retina (q.v.), constituting one form of 
pseudoglioma (y.r.). 

Degenerative Changes may be post-inflammatory or 
primary. The former, culminating in localised spots of 
complete atrophy, have already been considered. 





Fie, 189—Section of miliary whercle af the choroid (x 00), from a 
child with hip ixewe who died of moningitis, Note the giant, enlls 


‘and the small round cells at the periphery. 


Generalised atrophy, more or less complete, is found in 
the later stages of glaucoma, ‘he loss of nourishmont 
to the retina causes atrophy of the outer layers and of 
the nerve fibre layer in these cases. Degenerative 
changes in the choroid often eause migration of pig- 
ment from the pigment epithelium into the more saper- 
ficial parts of the retina. The pigment tends to become 
deposited in the perivascular lymph spaces, so that the 
retinal vessels may be mapped out here and there by 
pigment. More noticeable ophthalmoscopically are jet 


864 DISEASES OF THE RYE. 


inthe macular region through which the choroidal vessels 
are visible, owing to atrophy of the rotinal pigment epithe- 
lium (Plate VI, Fig. 2). Owing to atrophy of the choroid 


vessels are seen, the smaller ones having disappeared, 
and even the large ones eppear smaller than usual owing 
to endovascular degeneration of the walls, ‘There is an 
absolute central scotoma, The condition is to be feared 
in cases of cataract in which perception of light seems 





Fra, 190,— Soot of ™ cpllold bodten" sted tho membrane 
of Bruch, are undergoing aleycation, ns 4 hewn ae ers the 
cr mula im the inner parts, ‘They 
pigment epithelial cells, 


defective ; hence the great importance of investigating the 
fundus thoroughly in cases of immature cataract. It is 
possible that thia form of central choroidal atrophy is 
due to extravasation of exudates or blood, 

Circumpapilary Choroidal Atrophy is found in myopia 
(q-r.) and in late stages of glaucoma, 

“Rotinitis” pigmentosa is an extremely chronic, 
progressive degeneration of the choroid, commencing in 
childhood and often resulting in blindness in advanced 
life. ‘The choriocapillaris suffers first, so that the 
nutrition of the outer layers of the retina fails early, 
‘Lhe degeneration commences in a zone near the equator 
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PLATE VI. (io fagep, 964.) 

Fig. 1.—Central guttate deposits ‘Tay's choroiditis”), 
* ro a woman, wt, 41, ta deve 

lentral senile areolar chorotdal trom a woman, sot. 60, 


L.eye; V. J, 90. Note ve cogcamwe of oo Ghecollsl ransels ts 
wall of which are thiekenet by perivascular changes. 
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the superficial layers tho opitheliam itself becomes 

so that the choroidal vessels are now 
visible, and tho fundus appears tesselated. The pig- 
ment spots which lie near the retinal vessels are seen 
to be anterior to them, so that they hide the course of 
the vessels. There is no question, therefore, ns to their 
exact position in the retina itself, In this respect they 
differ from the pigment around spots of choroidal atrophy 
(vide p. 858), in which the retinal vessels can be traced 
over the spots. 

In the earliest stages it can be proved that it is a zone 
of the retina which is affected and not the most anterior 
part, for normal retina» may be seen at the peripheral 
limita of the ophthalmoseopic field. In the later stages 
this area diminishes pari passu with extension of the 
disease towards the centre. 

As the pigmentation increases and the retina becomes 
more and more atrophic the ganglion cells are destroyed. 
This leads to degeneration of their axis cylinders, viz., 
the fibres in the nerve fibre layer of the retina and the 
fibres in the optic nerve, Optic atrophy, therefore, sets 
in and gradually increases. The disc exhibits the 
characteristics of primary optic atrophy (vide p, 402), 
bub is not quite typical of this condition. The dise is 
pale, but seldom more than yellowish-white: there is no 
excess of fibrous tissue, but the vessels are vory small and 
thread-like, 

In the later stages the nutrition of the lens suffers. 
‘The complicated eataract which is formed is n very 
typical form of progressive posterior cortical cataract, 
going on to complete opacification of the cortex. 

The cause of retinitis pigmentosa is unknown. Several 
members of the same family are often affected, and con- 
sanguinity of the parents is notinfrequent. ‘Ihe patients 
are sometimes deaf or deaf and dumb, and evidences of 
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PLATE VU. (1h faca p. 866.) 


“ Retinitie”” pigmentow. Note the bone-corpuscle shaped spots of 
retinal pigmentation. Owing to the migiation. of pigment,from the 
retinal epithelium the choroidal vessels become visible. Fig. 2ahows 
the zonular distribution and the well-marked aggregation of pigment 
in retinal perivascular spaces. Note the small size of the retinal 
‘versels, especially arteries, and the pallor of the dised,-which should 
be rather more yellow and waxy-looking. eae 
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more commonly it is diminished throughout. There 
may be concentric diminution of the field of vision, or 
Restnaa Sey be Eee COS ae 
specially affected. There may be metamorphopsia, 
mi tetiatar es statenal al MaN Es 359). The light sense 
is diminished, and photophobia may be present. Pain 
is almost invariably absent, though discomfort may be 


complained of. 

The ph iiiuacmeepia signs may be diffuse or localised. 
There may be general adema, manifesting itself as w 
faint, diffuse haze, obscuring details, so that the normal 
bright red appearanes is replaced by a paler cloudiness, 
often with definite white streaks, especially along the 
course of the vessela; or there may be 
areas of exudation, The latter appear as white spote, 
diserete or confluent, or yellowish plaques, varying in 
size. They are not pigmented and the edges are ill- 
defined, so that there is little danger of mistaking them 
for patches of choroidal atrophy. The blood vessels 
usually show marked changes, ‘The veins are distended, 
often irregular, darker than normal, and tortuous; the 
arteries are less altered, but the finer branches are also 
tortuous, Hemorrhages are common, though they are 
not in themselves evidence of primary retinitis. When 
oceurring in the superficial layers they aré flame-shaped, 
with feathery edges, situated particularly along the 
course of the vessels; when in the deeper layers they 
are round, with better defined contours. 

The optie nerve, being in anatomical and physiolo- 
gical continuity with the retina, often suffers with it; 
when this oceurs to a marked extent the eondition is 
called newro-retinitis. The margin of the disc is then 
obscured and often shows a radia) striation. The dise is 
red, and may be measurably swollen, though seldom, if 
ever, 80 much as in the condition known as choked dise, 
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retinal vessels and the optic disc ix pale. Anemia of 
slow onset is seen in atrophy of the retina from any 
cause, such as previous retinitis, and in disease of the 
vessel walls as part of a general vasculitis, In both 
cases the vessels are attenuated, and sometimes in the 
former and commonly in the latter the walls beeome 
thickenod and visible as white lines bordering the red 
blood stream ; eventually the vessels may be transformed 
into white strands or may even disappear. 

Embolism of the Central Artery of the Retina causes 
sudden and complete retinal anwmia. The eye, usually 
the left, becomes suddenly quite blind. Examination of the 
fundus reveals a very typical picture (Plate VILL, Pig. 1). 
The larger arteries are reduced to threads, the smaller ones 
are invisible. The veins are little altered except on the 
dise, where they are contracted. Within a few hours the 
retina loses its transparency, becoming opaque milky~ 
white, especially in the neighbourhood of the dise and 
munecula. Owing to the opacity of the retina the outlines 
of the disc, which is abnormally pale, are obscured. At 
the fovea centrulis, where the retina is extremely thin, 
the red reflox from the choroid is visible. It appears as 
# round, “ cherry-red" spol, presenting a strong eontrash 
to the cloudy white background. The peculiar tint of 
the spot is due to this contrast, In the majority of cases 
there is no hwmorrhage here, as was once thought, 
though haemorrhages here and in the immediate neigh- 
bourhood do occur rarely. he contrast sometimes 
brings into relief minute blood vessels near the macula 
which are otherwise invisible. 

Sometimes the obstruction to the blood flow is not 
complete, or the flow may be partially restored in the 
course of n few days. A peculiar phenomenon may then 
be observed or may be indueed by gentle pressure upon 
the globe. In somu of the vessels, usually veins, the 
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PLATE \VEIl. (¥o fuce p. 310:) 


Fig. 1.—Emboliem of the central artery of the retina: Note the oedema 
of the reting at the posterior pole mul the *cherry-ret” spot at due 
macula, The vessels are reduced in size. Subsequently the dise 
became strophial, and the yassels still smaller. 

Fig. 9.--Thrombosia of the central retinal vein. Note the distension, 
convolution, and irregulaiity of contour of the veins, and the 
fetidal Inemiorrhages and exuilates, y g 
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that the condition may be duc simply to spasm of the 
walls of the artery, a theory which accounts for some 
remarkable cures. 

‘The condition has been observed at ages varying from 
fifteen to eighty. Rare cases of simultaneous bilateral 
blocking of the central arteries have been recorded. 

‘Treatment is seldom of any avail, but attempts should 





wire” arteries degeneration of the walls of a vein, 
1 white spotk of degeneration, 


be made to drive the obstruction on into a less important 
branch if the case is seen early. Inhalation of amyl 
nitrite, massage of the globe, and paracentesis of the 
cornea have beon employed for this purpose; such 
measures must be adopted without delay. 

Degenerative Changes in the Retinul Vessels, apart 
from their interest as a local manifestation of disease, 
are of the utmost importance in general prognosis. They 
may be the first evidence of arteriosclerosis, pointing to 
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the dangor of cerebral hemorrhage, and indicating lines 
of treatment’which may prolong life. Undue tortuosity 
Of the vessols is of no significance unless accompanied by 
other abnorrnolities, such as irregularity in the size and 
breadth of the arteries, so that they present a beaded 
appearance. Minute miliary aneurisms are xeon in rare 





Fie, 1¥2—Verivascalar changes in the retinal vessels 


exss. The normal light reflex from the vessel walls ix 
often unusually bright and broad, especially in vessels 
at som distance from the dise (* wi 
(Fig. 191). Under normal conditions it is possible to 
sm a vein through an artery at a point of crossing; in 
arteriosclerosis the artery loses its translucency so that the 
vein is obscured. Moreover, the artery exerts an abnormal 
pressure on the vein so that the blood flow is obstructed ; 
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the vein seems therefore to stop at the crossing, and ix 
more distended on the distal side than on the side towards 
the dise. The veins muy also exhibit a beaded appenr- 
ance, with alternate constrictions and dilatations. More 
pronounced changes make the walls of the vessels visible, 
0 that the blood column, often narrowed, is bounded by 
white lines, the thickened fibrous walls (Pig. 198); this 








F1G. 193,—Hetinal vein with cuormowsly thickeved wall and 
narrow Inmen. (Coats) The yeriracolar Lymph apaco i 
dilate. 

ny affect both arteries and veins, usually only individual 
vessels, in a portion of their course (Pigs. 191, 192), 

The changes indicated load to increased permeability 
of the walls, and increased internal pressure, due to 
general disense, supplements this defect, and causes undue 
extravasation of lymph, and even hemorrhage, (idema 
of the retina thus arises, manifesting itself as a greyish 
opacity around the dise, or in spots along the course 
of the vessels. Humorrhages occur as lincar striated 
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disease, which may be a vascular degeneration due fo age 
or to altered composition of the blood, as in pernicious 
amemin, lenewmia, seurvy, pnrpura, sepsis, albuminuria, 
diabetes, phosphorus poisoning, &e. Any of the causes 
lending to retinal hyiseihla ny give rise, secondarily, 
to hemorrhages. ‘Traumatism is another cause, and in 
often responsible for very extensive extravasntions of 
blood, which may burst through into the vitreous. To 
this category belong the post-operative hemorrhages. 
When the globe is opened in performing cataract extrae- 
tion, or, still more, iridectomy for glancoma, the normal 
or raised intraocular tension is suddenly reduced to zero. 
The intraocular vossels then dilate, and great strain is 
thrown upon their walls. Tf these are diseased, there is 
much danger of their rupturing. Considering the age, 
&e,, of these patients, it is surprising that hemorrhage 
is not more frequent. 

‘Venous Thrombosis may affect thacentral vein of the 
retina (Plate VIII, Fig.2) or one of its branches (Fig. 194). 
In the former case the obstruction is always just behind 
the lamina cribrosa. All the veins of the retina become 
enormously engorged with blood, and extremely tortuous. 
Blood oxcapes at innumerable spots, so that the retina is 
covered with hamorrhages. Sight is much impaired, and 
rocurrent oxtravasations finally destroy it entirely. When 
a single branch is blocked the wdema and hemorrhages 
are limited to the area supplied by the vein. ‘The affected 
retina beeomes atrophic, and secondary glancoma ensues 
in a considerable number of the cases, probably owing to 
the increased albuminous constitnents of the intraocular 


ph. 

‘The patients are usually elderly, with cardiac or vas- 
colar disease, often induced by nephritis. Thrombosis 
may, however, be due to local canses, such as orbital 
cellulitis, following facial erysipelas, de. 





PLATE [X. (2 face p. 816.) 


Fig. 1.—Subhysloid hmmorthage, 96 houra after probable time of onset, 
Four months later the patient was reported to have quite recovered 
his sight. 

Fig. 2.—" Retinitis proliferans,” showing the origin of the new-formed 

fibrous tissue in the favourite situation at or near the disc. The 

bands stretch forwards into the vitreous, a feature which cannot be 
adequately represented in a drawing. 
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Spocial Forma of Rotinitis. 


Syphilitie Retinitis, Syphilis is one of the commonest 
causes of retinitis, but is usually a secondary retinitis, 





Frc. 14 —Thvrombosis of « branch of the central retinal vein, 


accompanying disease of the choroid (Chap. XVIL). It 
however occurs as a primary retinitis also, and in this form 
syphilitic endartoritis is a prominent sign. ‘There are 
‘opacities in the vitreous, especially in the posterior part; 
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tho retina is cloudy, particularly in the neighbourhood of 
the dise, which may be hyperemic. White spots may be 
seen in the macular region, and yellowish or white spots, 
often bounded by pigment, atthe periphery of the fundus. 
The vessels may be degenerated (vide p. 872), with whitish 
oxudations along their course ; hemorrhages are rare. 

Every transition is seen to a condition much resem- 
bling choroido-retinitis pigmentosa (vide p. 364), but 
seldom showing such a characteristic distribution of the 
pigment. 

The subjective symptoms are defective central vision, 
night blindness, irregular and concentric contraction of 
the field, with or without central, paracentral, or ring 
scotomata, and metamorphopasia, 

Tn most cages the amount of organisation which takes 
place at the sites of the inflammatory deposits of syphi- 
litie retinitis is very small, but in some cases there is a 
well marked tendency to the formation of new blood 
vessels. These may not be limited to the retina itself, 
but may extend into the vitreous, forming convoluted 
coils. ‘They are held together hy a minimum of delicate 
connective tissue (cf. Retinitis proliferans). 

In nequired syphilis the disease usually occurs one to 
two years after infection: usually both eyes are involved, 
but not with simultancous onset. As a rare manifesta+ 
tion the macular area is alone affected, showing a grey or 
yellow deposit, or numerous small yellow spots and dots 
of pigment. This form shows a great tendency to relapse. 

Retinitis is not uncommon in congenital syphilis. 
Such patients often show a dusty or peppery, discrete 
pigmentation of the retina at the periphery, associated 
with a tigroid condition of the fundus in this situation. 
It is only distinguishable from what is often seen as a 
normal condition by the greater aggregation of the pig- 
ment. In more definite forms there are yellowish-red and 
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eraser tas dati exicking 

[presence of brilliant white spots and puatchos in the retina, 
‘The dise is surrounded by Jarge white patehes or by 
4 continuous “snow-bank.”” Around the macula are 
smaller dots or round patches, also silvery white. Radin. 
ting from the fovea are spokes of white dote or fine lines, 
forming » star-shaped figure, which is extremely charac- 
teristic. ‘The fovon itself escapes, and the star is often 
incomplete in some direction. Tho vessels generally 
show very dofinite degenerative changos (vide p. 872). 

- Albuminarie retinitis by no means always displays the 
i picture. Often there is a nouro-retinitis which 

no characteristic features specially associated 

Ponies Tn these casos there ix moderate swelling: 

diso—seldom so much as in the choked dise of 

fr disease—more or lews widespread oxdema and 

biemorrhages. Irregularly scattered bright white spots 

and patches may be present or wanting, The mrine 
should be examined in every case of retinitis. 

"Pho whit spots of albuminuric retinitis are chietly com- 
posed of exudates, which are often fibrinous (Fig. 115). 
‘hoy aro situated particularly in the inner layors, butmay 
in all the layers. There is some leucocytic 
and peculiar swollen nucleated cells—eytoid 








found in the nerve fibre layer; they are 
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retinal elements undergo fatty degeneration. The peculiar 
arrangement of the spots in the macula is attributed to 
the radial disposition of Muller's fibres, but it is probable 
that when the adema is considerable there may be wetual 
radial folds in the retina, within which the exudates 
necumulate. ‘The changes in the blood vessels are those 
common to vasculitis in other small vessels, consisting 
of endo: and peri-vaseulitis and hyaline degeneration of 
the walls, 

Albuminurie retinitis may occur in all forme of ne- 
phritis, including searlatinal 
and puerperal nephritis, but 
in by fur the greatest number 
of cases the disease is chronic 
interstitial nephritis. The lust 
mentioned fact accounts forthe 
smal! quantity or even total 
absence of albumin in the 
urine in some cases. ‘Though 
the degree of retinitis bears no 
fixed relationship to the nature 
or severity of the renal mis- 
¥26. 195.—Atbuminurte rotinitin Shief, yet im all cuvos ite pro- 

Musics of Mbrinow exudate in gence is of grave significance. 
TER ‘Tho retinal changes may be 
the first evidence of renal disease, hence the extreme 
importance of its diseovery, and this ix accentuated 
by the fact that the majority of hospital patients die 
in from six months to two years. This rule does not 
apply to the searlatinal and puerperal eases. In the 
latter the prognosis is worse the earlier the onset of 
the retinitis, but fortunately it usually commences in 
the later months of pregnaney. The artificial induetion 
of abortion is indicated, and usually has a prompt 
beneficial elfect, 
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Diminution of yisual neuity is commonly tho only 
symptom complained of, and, as mentioned, may lead to 
the discovery of the renal disease. The condition is 
almost always bilateral. 

‘It is important to note that transient blindness may 
oceur in the course of nephritis, expecinlly associated 
with uremia. Tn these cases the retina shows no abnor- 
mulity, or at moxt changes which may occur independently 
of the disease. This uremic amaurosis is distinguished 
in being sudden total blindness, whereas the defective 
vision of albuminuric neuro-retinitis is slower in onset and 
never complete. Sight usually returns in one or two days. 
Such atlacks may occur in scarlatinal and puerperal 
nephritis. They are accompanied by the other symptoma of 
uremia, viz., headache, vomiting, convulsions and coma. 

‘Tho treatment of these conditions is purely constitutional, 

Diabotic Retinitis —Retinitis is a relatively rare com- 
plication of diabetes and oceurs in the late stages; it ix 
not improbable that it is frequently missed owing to the 
peripheral of the lesions, opacities of the lens, 
tke, This bilateral. Trregularly senttered) small, bright 
white spots in the macular region are the commonest 
manifestation. The stellate arrangement is usually 
absent, but it must be remembered that albuminuria is 
a frequent concomitant of the late stages of diabetes, 
and all the characteristica of albuminuric retinitis may 
oesur. The white spots may coalesco into larger plaques 
with erenated edges, which indicate their mode of for- 
mation. Punctate hemorrhages are froely scattered over 
the fundus. The optic dise is generally normal, as well 
as the remainder of the retina, 

‘The prognosis depends apan the severity of the constitu. 
tional condition, and the treatment is that of diabetes, 

Hmorrhagic Retinitis is a term loosely applied to 
those forms of retinitis accompanied by hamorrhages, 
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for hwmorrhages may occur, ax has already been seen, 
in the absence of all sigue of inflammation of the 
retina. 

Leueemic Retinitis—When retinitis oceurs in the 
course of leucwmia the ophthalmoscopic appearances are 
characteristic. The retinal vessels are greatly distended, 
and the blood within them is much paler than normal, 
The whole fandus is pale and of a yellowish tint. Very 
typical are white spots and patches surrounded by a red 
rim; they consist of leucocytes surrounded by red cor- 
puscles, ‘These are present only rarely. In some cases 
the ordinary picture of hemorrhagic retinitis is seen. In 
avery doubtful case the blood should be examined. 

“ Rotinitis Proliferans.”"—When hwmorrhage occurs 
into the vitreous the blood clot is usually almost com- 
pletely absorbed. ‘This is probably duo to the absonee of 
fibroblasts in the vitreous and their seantiness in the 
retina, for the retinal connective tissue consists of 
neuroglia, an epiblastie structure whieh probably takes 
no part in fibrous tissue formation, ‘The only meso- 
blastic tissue in the retina is that forming and surrounding 
the retinal blood vessels. In some eases, however, blood 
clot may organise, giving rise to masses of fibrous tissue 
in the vitreous, vascularised by new-formed blood vessels 
derived from the retinal system (Plate IX., Fig. 2). This 
condition is known as “retinitis proliferans.”” The tissue 
is most commonly situated noar the dise and the veasels 
spring from this neighbourhood, probably owing to the fact 
that there is more mosoblastic tissue here than in other 
parts of the fundus. 

There seams to be some special factor necessary to 
stimulate organisation, and this is found in some general 
diathesis. In nearly all these cases there is either a 
history of xyphilis or the patient ix suffering from 
nephritis, diabetes, or seme other form of toxemia. 
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Vision is generally greatly impaired and often lost. 
“a eed 
‘Rotinitis Circinata.—Rotinal hemorrhage may give 
ee eet es aie In retinitis 
¢ireinata there is a girdle of bright white spots around the 
‘macula, ‘The diameter of the girdlo, which is usually an 
imperfect circle or ellipse, or horse-shoe shaped, ix gonerally 
considerably greater than a papilla diameter. 

‘Purulent Rotinitis.—This is most commonly due to 
@ septic perforating wound, being then a precursor of 
panophthalmitis (vide p. 446). Rarely it is a metastatic 
condition, occurring in pyemia, and probably starting in 
a septic embolus fn the early stages there is severe 
retinitis with hemorrhages. Suppuration rapidly follows, 
involving the vitreous, so that a yellow reflex is obtained. 
‘The condition passes into panophthalmitis. 

Retinitis from Bright Light, which might be termed 
photo-retinitis, occurs after exposure of the unprotected 
eyes to bright sunlight, electric light, light reflected from 
snow (snow blindness), &c. The ossontial factor appears 
to be the chemical action of the ultraviolet rays, the lights 
which cause the condition being particularly rich in these 
rays Some protection is afforded normally by the lens, 
which has the property of absorbing ultraviolet rays. 

‘The symptoms are persistence of the after-image, pass- 
‘ing on later intow positive scotoma, and metam: 


jarphopsia, 
agree en, een aay te Bp igs st first, or a 
spot is seen at the fovea with a red ring round it, 
Later there are usually deposits of pigment around the 
fovea. Prognosis must be guarded, since, though 
improvement often occurs, some defect usually remaing 
and the positive seotoma may persist permanently. 
The treatment is that of retinitis in general. Smoked 
t should be used, or raby-coloured glasses, é.e., euch 
‘as ent off the nltraviolet rays. 
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Toxic Amblyopia.—''ohacco, alcohol, quinine, filix 
mas, carbon disulphide, and other poisons sometimes 
produce defective vision, which is then known as toxic 
amblyopia. It is usually described as a form of retro 
bulbar nouritis (q.v.), but experimental and pathological 
evidenee tends to show that the condition is primarily 
retinal, 

Tobacco amblyopia results from the excessive use of 
tobacco, either by smoking or chewing. Smokers of shag 
und tobacco mixtures suffer most. Tn nearly all cases there 
is also oyer-indulgence in alcohol. It is known that 
alcohol alone ansy produce toxic amblyopia, and cases in 
which tobacco caused the disease in total abstainers from 
alcobol have been published, In most cases the patients 
are already in a debilitated condition. 

‘The pationt complains of increasing fogginess of vision, 
whieh is usually least marked in the evening and in 4 
dull light. Central vision is greatly diminished. The 
field of vision is found to be full, but there is a central 
colour scotoma for red and green. ‘This is usually small, 
but in rare cases may extend to the limits of the red field, 
or even be absolute. Both eyes are affected. Ophthal- 
moscopically there are no changes, or at most undue 
pallor of the temporal side of the disc in the lator stages. 

‘The course is chronic, and the prognosis is good if the 
toxic agents are discontinued absolutely. Very rarely 
optic atrophy may result, but it is doubtful if these are 
uncomplicated cases, 

‘The disease is probably due to poisoning of the ganglion 
cells of the retina. In experimental cases, and in one 
case examined in man, the cells showed vacuolation and 
breaking up of the Nisa! granules. ‘This leads to de- 
generation of the nerve fibres, demonstrable only alter 























they have obtained their medullary sheaths, ie, behind 


the lamina cribrosa. The degeneration is found to be 
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imited to the papillo-macular bundle (vide p. 87). ‘The 
ganglion cells of the fovea and macular region are the 
‘most highly differentiated and are liable to suffer first 
and most severely in any toxic condition. The degenera- 
tion ix therefore a wedge-shaped area on the temporal 
side of the nerve immediately behind the globe, but 
becomes « circular central area’ more posteriorly (Pig. 58). 
‘This degeneration was discovered early in the history of 
‘the disease, and combined with the clinival similarity to 
undoubted cases of retrobulbar neuritis led to the 
‘conelusion that it was the primary seat of the disease. 
‘The amblyopia produced by carbon disulphide, nitro- 
benzol, diabetes, wood spirit, iodoform, lead, arsenic, &e., 
Tesembles that of tobasco. 
‘Treatment consists in total abstinence from tobaceo and 
alcohol. ‘This should be combined with tonic treatment, 
especially the administration of strychnine. Todide of 
potassium mny be given, and copious draughts of water, 
“Quinine amblyopia differs in some striking character- 
isties from tobacco amblyopis. Here total blindness 
(amaurosis) follows tho use of the drag, even in such 
emall doses as 12 grains in susceptible persons. The 
pupils are dilated and immobile. Deafness and tinnitus 
gurinm are present. Ophthalmoscopically the retinal 
-voxsels ary extremely contracted and the disc is very pale. 
Ty less marked cases or at a later stage the fields of 
‘vision are tuck contracted. ‘The fields gradually widen 
out, but do not regain their normal limits Central 
vision may be completely restored. The dises may 
remain pale for years or become normal. Occasionally 
blindness is permanent and optic atrophy ensues. 
Treatment consists in discontinuing the drug, adminis- 
tering amyl nitrite or nitro-glycerine, supplemented by 
‘strychnine and digitalis. 
De 
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Detachment of the Retina (Syns.—Ablatio retina, 
Amotio retine.—The retina may become separated from 
the choroid by being pulled up from within or pashed up 
from without. The simplest example of the former mode 
is in the late stages of plastic cyclitis when the strands 
of connective tissue which become attached to the retina 
contract during the process of organisation. The simplest 
example of the second mode is separation by means of a 
choroidal hemorrhage, such as may oceur from a blow or 
disease of the vessels. 

Clinically detachment of the retina is obsorved most 
commonly in three conditions, viz., after a blow, in high 
myopia, and in sarcoma of the choroid ; to these must 
be added a not inconsiderable number of cases in whieh 
no cause can be assigned. The exact mechanism of 
detachment in these cases is by no means completely 
understood ; indeed, detachment of the retina is atill one 
of the difficult problems of pathology. 

‘The patient usually comes complaining that there is a 
cloud in front of one eye, so that parta of objects, usually 
the upper or lower parts, are not seen. In other words, 
thore is a positive scotomn, as is confirmed by making a 
chart of the field of vision. As a rule central vision is 
intact at first, but all detachments of the retina tend in 
time to be complete; when the macular region heeomes: 
affected central vision is lost, and when the detachment: 
is total perception of light is lost. Tho first symptom 
observed sometimes is transient flashes of light (pho- 
topsi), due to slight movements which irritate the 
neuro-epithelium. ‘Uhey should always be regarded with 
serious attention, but not infroquently occur, expecially 
in myopic eyes, without being followed by detachment. 

Asmall detachment causes much less definite signs. 
Some obseuration of vision is noticed, but the diagnosis 
van only be arrived at by careful examination of the 


al 


abpesest ety in thes cance: 
ese es eile mie 


is true that itis more hypermetropic, but the observer does 

‘not realise that he is exercising rather more accommoda- 

looking at it than at the rest of the fundus. Now, 

@ eye is examined with the mirror alone at ordinary 
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reading distance, although perhaps no details of the retina 
are seen—and they will only be seen if the retina bulges 
far away from the choroid=-yet some difference in the 
nature of the reflex as the eye is turned in various 
directions will at once arrest attention. 

Further examination by the direct method will thenshow 
the following changes (Plate XL). The detached portion of 
retina hus a different tint to the normal fundus, In the 
most typical condition it is quite white or grey, with folds 
which show a bright sheen at the summits and appear 
greenish grey in the depressions. During slight move- 
ments of the eye the folds show oseillations. The retinal 
vessels are sseen coursing over the surface, ‘They 
naturally follow all the curves of the folds. Very striking 
is their abnormal colour. Owing to the fact that they are 
separated from the choroid, which ia responsible for the 
red reflex of the normal fundus, they are under much 
the same conditions a8 an ordinary vitreous opacity, te. 
they ent off the light reflected from the choroid. They 
therefore look much darker than usual, and may be 
almost black, They show no central light streak and 
appear smaller than normal. 

If now this portion of the fundus is observed with the 
highest convex glass with which it can be seen plainly it 
will be found that the rest of the fundus is out of focus ; 
this proves that it is displiced forwards and must there- 
fore be detached from the choroid. 

In the early stages, and sometimes for a long period 
in shallow detachmenta, the colour differs little from the 
normal red reflex. Such eases are much less easy to 
diagnose, and may give rise to great difficulty, especially 
if the apparent detachment is for forwards, for the 
periphery even of the emmetropie eye is usually sean beat 
with a low convex glass. 

When the detachment is very extensive great balloon-like 
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folds may be seen, and these will probably cut off all 
view of the dise. At the edges of the detachment a con- 
siderable degree of pigmentary disturbance may be seen. 
White spots of exudation, hemorrhages, &c., may be 
seen on the surface of the detached retina, Not 
infrequently a hole is visible, through which the bright 
red choroid can be seen. It has boon said that there isin 
hole in every detached retina, but it is not always visible 


ophthalmoseopically. 

In total detachment the retina is umbrella-shaped, 
remaining attached at the disc and at the ora serrata, 
‘Still Inter it beeomes bunched up behind the lens, the 
part attached to the dise being pulled out into a straight 
cord. Tn thew eases the disturbance to nutrition of the 
eye leads to the developmentof a complicated cataract (q.c.), 
80 that ophthalmoscopic examination becomes impossible. 

The description given applies expecially to so-called 
simple detachment, i.¢., detachment not due to sarcoma 
of the choroid. ‘The differences may be slight, but 
accurate diagnosis is of the utmost importance, since the 
life of the patient may depend upon it. The chiet 
diagnostic features are given in treating of sarcoma ofthe 
choroid, and should be very carefully studied (vide p. 409). 

‘The space between the retina and choroid is filled with 

a highly albuminons fluid secreted by the choroid 
(Pigs. 196, 157, 152). 

The prognosis in simple detachment is unfavournble. 
Even if replacement oceurs spontancously or as the result 
of treatment relapses commonly happen, and total blind- 
ness results. Dotachment in a myopic eye should be an 
indication for extreme care of the other, which may be 
rogarded as prodisposed to the same aceident. 

Treatment.—In epite of the futility of treatmont in the 
‘Majority of casos it should be systematically applied and 
perseveringty carried out in all cases whieh come under 
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observation at an early stage, i¢., before the retina has 
become so degenerated as to have lost all excitability to 
light. The treatment is excessively tedious, and is 
absolutely useless unless minute directions are given and 
observed. 

Of the many modes which have been advocated the 
following is probably the best. ‘The pationt is put to 
bed and must lie in the prone position without moving 
more than is absolutely nocessary for several weoks. 
The head should be placed between sandbags. The 
pationt must not be allowed to get up for micturition or 
defecation. Atropin is instilled, and the eye is lightly 
but firmly bandaged, the space between the nose and 
cheek being filled with cotton wool. A thorough course 
ilocarpin injections is given—every day for a week, 
repeated after a week's interval, and soon. Mercury is 
administered either by inunetion or by the mouth. 
Jodides are given. 

Operative procedures may be adopted. Of these the 
best are subconjunctival injections of 10 per cent, salt 
solution once or twice a week, Acoin, 01 per cent., may 
be added to the saline to relieve pain. Not more than 
5 minims should be injected at first, as far baek from the 
limbus as possible at the upper part of the globe. The 
eye should of course be previously cocainised. 

Probably mare effi 
effected as follows. ‘The 























1s is scleral puncture. ‘This is 





cocainised and washed 
oul (videp. 286). A speculum is inserted, and the patient 
is told to look as far as possible in the direction away 
from the detuchment, if the detachment is downwards 
he looks well up. The eye is fixed in this position with 
fixation foreeps, held by an assistant. The surgeon takes 
the conjunctiva far back with another pair of fixation 
forceps and pulls it well forwarde. He then introduces 
jvasfe cataract knife straight into the globe at a point 














ull 


DISEASES OF THE CHOROID AND RETINA. 391 


corresponding with what he considers the site of greatest 
detachment, usually near the equator. The hack of the 
knife is divected forwards. ‘The knife is pushed in until 
‘it perforates the choroid ad the retina, i.e., for 10 or 
12mm, It is then rotated so that the face of the blade 
is at right angles to its former position and is withdrawn. 
In this manner a somewhat valvalar wound is made. As 
the knife is withdrawn the subretinal fluid escapes. Tho 
fisation foreeps are then removed; the conjunctiva, which 
“ah Shee eel 
Atropin is instilled and a bandage applied. 

(Soleral) puncture 2s probably uscloas anlesa the rotina 
is pierced. This establishes a communication between 
the subretinal spacn and the vitreous, thus aiding the 

of the subretinal fluid. The retina may 
become anchored at the site of the wound. 
_ Glioma of tho Retina.—See p. 411. 


 Coxomwrran Aswoxmauirres or rue Cxonor ax 
Rerma. 


Coloboma of the Choroid and Retina is « congenital 
‘malformation in which the choroid and retina are more 
or less badly developed over a certain area, usually the 
Jower part (typiea! coloboma). The typical coloboma is 
due to defective closure of the fortal, »0-called choroidal, 
‘cleft. Ophthalmoscopically there is a glistening white 
area, usually with patches of pigment ot the edges. 
here is often also coloboms of the iris (g-r.), and the eye 
may he small (microphthalmia). ‘lhe condition is often 
Spee oe eeosnlty hereditary. ‘The pateh is oval 
, With the rounded apex towards the dise, 
Seeing baissiened or uot, A fow vessels are seen over 

ir some retinal, others derived from the choroid 
but most derived from the posterior cilinrios 
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directly. The surface is often depressed irregularly 
(ectatie coloboma). ‘The central vision ix generally bad, 
and there is a scotoma in the field corresponding more or 
less accurately with the coloboma, though this usually 
contains some retinal elements near the edges. 

Similar patches, often symmetrical in the two eyes, 
occur in other situations (atypical coloboma), notably at 
the macula (central or macular coloboma). Ibis probable 
that some of these are due to intra-uterine inflammation. 

Albiniam is the defective development of pigment in 
the eye. There is no pigment in the eye at all, nor 
indeed in the whole body, in total albinism, so that the 
iris looks pink, and the patients suffer much from dazzling. 
Partial albinism is commoner, and the absence of pigment 
is then limited to the choroid and retina, the irides being 
blue. With the ophthalmoscope the retinal and choroidal 
vessels are seen with great clearness, separated by 
glistening white spaces where the sclerotic #hines through. 
‘There may be pigment in the macular regions, which may 
therefore look normal. Nystagmus, photophobia, and 
defective vision—partly due to myopia, or less frequently, 
hypermetropia—are generally present. There may be 
strabismus, usually convergent. The condition is 
hereditary. 

Treatment consists in correction of the refraction by 
glasses which should be tinted. 

Opaque Nervo Fibros.—'I'he medullary sheaths of the 
fibres of the optic nerve cease normally at the lamina 
cribrosa. Occasionally patches of fibres regain these 
sheaths after they have passed through the lamina eribrosa. 
(Fig. 197). They appear ophthalmoseopieally as white 
patches, the peripheral edges of which ave striated. Usually 
thy patches are continuous with the dise; oceasionally they 
aré ixolated, but never far from the disc. When present 
the blind spot is enlarged, or « scotoma corresponds with 
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the position of the patch. It is important to be able to 
diagnose them, since they may be easily mistaken for 
exudates, ¢.., albuminuric retinitis. They often oecur in 





Fis. 197-—Opaqne nerve fires (7), stained by the Weigert-Ial method. 


Rovetina 2, lamina cron WV, optic nerve, 









both eyes. They are not strictly speaking congenital, for 
myelination of the optic nerve progresses from the brain 
towards the periphery, and is not completed mntil shortly 
after birth. 





CHAPTER XVIIL 


DISHASHS OF TI OPTIC NRAVR. 


Tue optic nerve may be attacked by inflammation at 
any part of its course. The head of the nerve within the 
globe is frequently affeeted alone, and thiscondition is often 
called optic neuritis. When the nerve is affected behind 
the eye the condition is called retrobulbar or retro-ocular 
neuritis. 

Hyperwmia of the Optic Disc is a condition which can 
rarely be diagnosed with certainty. Perfectly normal 
discs of different individuals show variations in colouring, 
and slight differences of illumination alter the appearances, 
There is no doubt that hyper@mia occurs as a precursor 
of optic neuritis, and in some of these cases itis possible 
to distinguish greater redness of the dise in one eye than 
in its fellow under the same conditions of examination. 

Papillitis (Jatreocular Optic Neuritis) occurs in two 
groups of cases which should be carefully distinguished, 
viz, a8 part of a neuro-retinitis (ride pp. 868, 879), and as 
a result of intracranial disease. ‘The pathology of the two 
conditions is totally different, though the ophthalmoseopie 
features may be almost or quite identical. ‘These general 
features will be considered first, the differences being 
discussed afterwards. 

It has already been po out that the colour of the 
dise is a fallacious criterion of abnormalit; Attention 
should be directed expecially to the edges. ‘These will 
always be found blurred in papillitis, usually first on the 
temporul side, later in the whole circumference. The 

















DISEASES OF THE OPTIC NERVE. 395 


blood vessels are altered, the arteries being small, the 
veins distended. In the early stages the dise is usually 
redder than normal. In the later stages the blurring of the 
edges is much greater, and the dise looks larger than usual. 
Exaudates cover the vessels in places, and the veins are 
enormously distended and very tortuous. The papilla is 
now quite definitely and measurably swollen (vide p. 148). 
1 is paler than normal and may be white; it shows 
radial strenks, and small hwnorrhages are generally 
present upon it and the surrounding retina. 

In the optic neuritis of neuro-retinitis the swelling of the 
disc is usually moderate—2 or 8 D —shelving off gradually 
into the surrounding retina, which shows the signs of 
retinitis (ride p, 368). ‘The disc is redder than normal, 
owing to dilatation of the capillaries, but the distension 
‘and tortuosity of the veins is moderate. ‘The “optic 
neuritis” of intracranial disease may in some cases be a 
true descending neuritis, and will then show the condition 
just described, exeept that there is little or no retinitis. 
More commonly, however, the condition is one of intense 
axlema with no true inflammation, and this gives rise 
to the “choked disc” (Plate XIL., Fig. 1). Here there 
isenormous swelling—up to 8 or 10 D —usually delimited 
much more definitely from the surrounding retina, 
whieh shows little change. The veins are enormously 
distended and very tortuous; the vessela are hidden 
in places by white exudates. There are froquontly 
hwmorrhages on the swollen papilla. In many cases 
it is impossible to distinguish ophthalmoscopically 
between the two forms. The swelling may be unusually 
great in neuro-retinitis, and the appearances due to 
intracranial disease may be identical with the neuro- 
retinitis of renal disease, including the star figure at the 
macula, particularly in children. 

The symptoms of papillitis may be extremely vague. 





B06 DISEASES OF THE EYE. 


Central vision may be quite normal, in whieh case the 
pupils will also be normal in size and reactions. It is 
very important to remember this fact, which emphasises 
the necessity of examining the fundus in all cases of 
headache, &¢. Even in this stage there may be some 
concentric contraction of the field of vision. Later central 
vision is reduead, oven to complete blindness. The pupils 
will then be large and immobile, In less severe eases or 
in the intermediate stage central vision is defective, the 
field is markedly reduced concentrically, and relative 
sotomate—first to grean and red—or absolute seotomnata 
may be present. There may be hemianopsia or other 
defects in the field dependent upon the nature of intra 
cranial nuischiel. 

The condition is generally bilateral, though not 
necessarily equal on the two sides. The relative amount 
of swelling may bo of localising value in the ease of intra- 
cranial disease; in frontal tumours and middle ear disease 
the swelling is usually greater on the side of the lesion, 
Both in neuro-retinitis and in intracranial disease the 
papillitis is rarely unilateral. ~ 

‘The courve is chronic, the prognosis bad, Occasionally, 
especially in syphilis, the disease subsides under treatment: 
and good vision is preserved. ‘The same applies to eases 
due to intracranial pressure if the pressure is relieved 
early, Generally the nerve fibres are destroyed, post 
neuritic atrophy (q.r.) follows, and the patient becomes 
blind. 

Dingnosis is cosy in severe cases; it may be very 
difficult in slight cases. Here the colony of the disc isno 
sure guide unless there is undoubted difference between 
the two eyes. Attention should be directed to the edges 
of the dise; if these can be seen clearly defined with any 
lens there is no neuritis, but it does not follow that there 
is newritis if they appear blurred. ‘There is a condition 
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known as pseudo-neuritis, seen particularly in byperme- 
tropic eyes and due largely to a peculiar reflex, which 
nearly simulates slight neuritis (Pig. 198). In such cases 
attention must next be directed to the amount of swelling. 
Papillitis should not be diagnosed unless at least 2 D of 





FIG. 198, —Peeado neuritic 


swelling can be demonstrated. In some cases it is neces- 
sary to keep the patient ander carofal obwervation for a 
considerable period before certainty can be arrived at. 
Bitiology.—The chief causes of papillitis aro those of 
neuro-retinitis (y.v.) and intracranial disease. The latter 
in the most frequent causo, especially intracranial tumour, 
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at least 80 per cent. of these cases giving rise to the con- 
dition, Any intracranial tumour in any position, with 
the exception of the medulla oblongata, may cause 
popillitis, the highest percentage being found with 
tumours of the mid-brain, parieto-occipital region, and 
cerebellum, Meningitis is the next commonest cause, 
especially tubercular meningitix—basal meningitis rela- 
tively rarely. Other intracranial causes are sbacess, 
thrombosis of the cavernous sinus, anourism, hydroce- 
phalus (rarely), &e. 

Toxemin accounts for most other cases. Syphilis 
may ach in this manner or as an intracranial gamma; 
itis frequenteause. Papillitis may be due to any of the 
acute febrile diseases, but only in exceptional cases, and to 
acute anemia from sudden loss of blood. Malformation 
of the cranium, «y., oxycephuly, intra-orbital tumours 
and inflaromations—caries, periostitis, &c,—-and tumours 
of the optic nerve act directly upon the nerve. 

Patholoqgy.—In neuro-retinitis there is true inflarmna- 
tion of the nerve, mt even then mdema plays a promi- 
nent part owing to the obstruction to the outilow of 
venous blood at the site of the lamina cribrosa (ride 
p- 149). Moxt ensex of “choked dist” are ab first exused 
by simple mdema, without inflammation; in the later 
stages there may be some inflammatory reaction—infil- 
tration with leucocytes, &c.—due to the irritation of the 
sed tissues, In a minority of cases due to intra- 
ial disease, especially meningitis, there may be a 
descending neuritis, with trae inflammation of the nerve. 

The mechanism whereby cdema is induced by intra- 
cranial disease has been the subject of much dispute and 
is still an unsolved problem, There is no doubt that one 
of the most important factors is increased intracranial 
pressure. This is proved by the fact that the neuritis 
almost invariably subsides, even though the intracranial 
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disease continues, if the pressure is relieved by freely 
opening the skull, The mode of action of increased 
intracranial pressure is unknown. ‘The following theories 
have been advanced: (1) Impediment to the return of 
lymph by the vaginal sheath of the nerve; (2) Impedi- 
ment to the roturn of venous blood—this is improbable 
owing to the free anastomosis in the orbit (ide p. 18); 
(3) arterial anwmina, leading to altered conditions of 
osmosis at the nerve-head (J.H.P.). 

The treatment o wuritis is essentinily that of the 
underlying cause. Local treabment is of no avail, butall 
sourees of irritation, such as bright light, &e., should be 
guarded against. Intra- 
cranial pressure should 
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Poted. Fia. 199. — Diagrammatic meridional 
Retrobulbar Nou- ction of optic disc in pupillitin. 


ritis.—The intra-orbital 

portion of the optie nerve may become inflamed as the 
result of extemsion from the surrounding tissues, Retro- 
bulbar neuritis is usually divided into an acute, so-called 
symptomatic form, and a chronic, idiopathic form. ‘The 
latter is the condition which we have deserited ns toxic 
amblyopia and have attributed to a primary retinal 
lesion. 

Acute retrobulbar neuritis is usually unilateral. The 
patient complains of defective vision, and sometimes of 
poin on moving the eye. The pain is increased by pres- 
sure upon the globe, and neuralgia and headache may be 
present. Ophthalmoscopic examination will probably 
reveal a quite normal fundos. It is therefore extremely 
easy to overlook the true condition and to attribute the 
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symptoms to hysteria. Careful methodical examination 
will minimise this danger. Dingnosis nt this stage will 
depend upon thorough investigation of the pupil reactions 
and of the field of vision. The patient should be asked 
if he ever squinted (cide p. 419). 

At first glance the pupil reactions will be apparently 
normal, both directly and consensually to light, as well 
as to accommodation. More minute inspection will show, 
however, that though the pupil of the affeeted eye reacts 
to light the contraction ix not maintained under the 
bright illumination, i.v., instead of remaining contracted 
the pupil slowly dilates whilst the light is still kept upon 
the eye. This phenomenon, if it can be placed beyond 
dispute, is of the utmost diagnostic significance, 

The field of vision shows « central seotoma, which 
may be relative for colours or absolute. It is not 
always quite central, but may be paracentral and in 
the form of a ring around the fixation point. There is 
usually concentric contraction of the field and there 
may be complete blindnoss. 

In the later stages or more severe cases there 
may be ophthalmoscopie changes. These are dis- 
tension of the veins, with diminished calibre of the 
arteries, or actual papillitis, moderate in degree. With 
or without these preliminary changes atrophy of the 
optic disc may ensue. In every case in which the 
inflammation in the nerve behind the globe is so great 
as to lead to destruction of the nerve fibres in this 
situation the degeneration extends not only towards 
the brain but also towards the eye. In the milder 
cases pallor of the disc is limited to the temporal 
side, corresponding with degeneration of the papillo- 
macular fibres, It has alrendy been seen that the 
ganglion cells at the macula are more liable to be 
affected by deleterious agencies than those in other 


| 





DISEASES OF THE OPTIC NERVE. 401 


parts of the retina. The same fact applies to their 
axis eylinder processes, contained in the papillo-macular 
bundle, wherever in their course the noxious agent acte, 
This accounts for the clinical similarity between trae 
retrobulbar neuritis and toxie amblyopia. 

The causes of acute retrobulbar neuritis are local 
and general. Amongst the former periostitis and 
transmission of inflammation from the ethmoidal and 
sphenoidal sinuses may be mentioned ; hence attention 
should be directed to any nasal complication. Hemor- 
rhage into the optic nerve sheath or orbit and fracture 
of the base of the skull, involving the optic foramen, 
may produce a similar clinical picture. Amongst general 
diseases which couse retrobulbar neuritis insular sclerosis 
is one of the most important. Other alleged causes are 
theumatism, chills, infectious diseases, &c. 

Treatment consists in attacking the cause. ‘The eyes 
must be protected from bright light, and kept at rest 
by atropin and abandonment of near work. When the 
cause is obscure, mercury, iodides, diaphoresis, and tonics 
may be used. 

Optio Atrophy is the term usually applied to the 
condition of the dise when the optic nerve is degenerated. 
It has been pointed ont that injury to the nerve fibres 
in any part of their course leads to degeneration not 
only on the proximal (cerebral) side—as might be 
anticipated for afferent fbres—but also on the distal 
(ocular) side (vide p. 400). Optic atrophy follows 
extensive disease of the retina from destruction of the 
ganglion cells, ¢y., in “retinitis” pigmentosa; it also 
follows destraction of the nerve in the orbit, as in 
rupture of the nerve at the optic foramen in fracture 
of the base of the skull, severe retrobulbar neuritis, &e. 
The break in continuity of the fibres may be at the 
disc itself, such as results from the strangulation of 
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papillitis, either nenro-retinitis or “choked disc.” 
These cases are distinguished as post-newritie atrophy, 
owing to special features which they often exhibit. 
Besides these causes there is a well defined group of 
cases in which optic atrophy occurs without previous 
evidence of local disease, but associated with general 
disoase, usually of the central nervous system, or no 
discoverable disease. Such cases are described as primary 

atrophy. 
The essential ophthalmoseopie features of optic atrophy 
in general are alteration in the colour of the dise and 
changes in the blood vessels. The 


Try] Hime iw alwaya, pale, bat may show 
il varieties of tint specially associated 
with various types of atrophy, The 


pallor affects the whole disc and must 

“italic” meron! be carefully distinguished from the 

rection of ite white centre, often encroaching upon 

phic cupping. the tamporal side, due to physiological 

ete ee cee cupping. The change in the vessels 

me ee (ix always on the side of contrac 
ed tion, but may be absent. 

In primary (grey, tubeti¢, xpinal) atrophy the dixe ix 
grey or white, sometimes with a greenish or bluish tint 
(Plate XMIT., Pig. 1). The stippling of the lamina cribrosa 
is seen ; the edges are sharply defined, and the surronnd- 
ing retina looks normal, Owing to the absorption of the 
nerve fibres there is alight cupping (atrophic cupping) 
(Fig. 200), which must be carefully distinguished from 
glaucomatous cupping. It is shallow and saucer-shaped, 
as shown by the slight bending of the vossols, but is 
scarcely measurable. There is no retraction of the 
lamina cribrosa. The vessels are normal or only slightly 
contracted. Both eyes are generally affected. 

Tn the “secondary” atrophy of retrobulbar mischief 
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the condition nearly. resembles primary atrophy, but 
there is greater pallor, and the vessels are more likely 
to be contracted. In the “consecutive” atrophy of 
retinal and choroidal disease, as typically represented 
by the late stages of “ retinitis’ pigmentosa, the dise 
has a yellowish waxy appearance, the edges are lees 
sharply defined, and the vessels are very markedly 
contracted, sometimes to almost complete disappearance. 
Post-neuritie atrophy may be indistinguishable from 
the other forms ophthalmoseopically. More commonly 
it can be diagnosed with considerable probability by char- 
acteristic signs (Plate XL, Fig. 2). These depend upon 
the fact that the absorption of the exudates leads toa 
certain amount of reactionary organisation, with the for- 
mation of a variable quantity of fibrous tissue upon the 
dice. This tissue obscures the lamina cribrosa and fills in 
the atrophic cap. It extends over the edges, which are 
thus indefinite, and along the vessels as a thickening of the 
perivascular sheaths. Further, it throttles the vessels, 
80 that these become markedly contracted Owing to 
previous neuro-retinitis the surrounding retina often 
shows permanent changes. When such changes are 
well marked previous papillitis may be hypothecated 
with extreme probability, but in their absence the eon- 
clusion that there has not been papillitis is not justi- 
fiable. The amount of reactionary organisation varies 
greatly in different cases, and the tissue laid down is in 
tho course of time gradually reabsorbed to somo oxtent. 
In total optic atrophy the pupila are dilated and 
immobilo to light, and the patient is blind. When 
unilateral the consensual reaction to light is exaggerated. 
In partial optic atrophy central vision is depressed and 
there ix concentric contraction of the field, with or 
without scotomata, relative or absolute, uecording to 
the cause. In primary atrophy the disease is usually 
26—2 
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slowly progressive, ending after months or years in 
complete blindness, It is important to note that no 
deduction as to the amount of vision can be made from 
the pphthalmoscopic appearances. The presence of all 
the signs of atrophy is not inconsistent with a certain, 
sometimes considerable, amount of vision. 

The chief cause of primary optic atrophy is tabes. Tt 
may be the first sign, and the other symptoms and signs 
may be long delayed. The patient should be carefully 
investignted for a history of syphilis, the presence of 
Argyll-Robertgon pupils, the absence of kmee-jerks, 
anesthesia, inco-ordination, &¢, Both eyes are affected, 
but often in unequal degree. The disease advances 
slowly but surely to complete blindness—progressive 
optic atrophy par excellence. The same condition may 
be due to general paralysis and insular sclerosis, less 
commonly to other forms of central nervous disease, 
Excessive hemorrhage, menstrual defects, cold, arterio- 
sclerosis, &c., have been aseribed as causes in doubtful 
cases. Primary optic neuritis is occasionally boreditary. 

“ Secondary ” atrophy is caused by compression of the 
optic nerves, chiasma, or tracts by tumours, aneurism, 
distension of the lateral ventricles (hydrocephalus), &e. * 
Tt may follow rapture of the optic nerve at the foramen, 
section of the nerve, compression by blood clot, &e., 
without previous neuritis. 

Treatment is that of the cause. For the lesion of the 
nerve itself mercury, iodides, stvychnine, nitroglycerine, 
the constant current, &o., may be used, but seldom have 
any effect, 

Tumours of the Optic Nerve.—See Chap, XXXI. 


Coxoxnrran Annonmanirres or tHe Orrico Dis. 


Coloboma of the Optic Dise,Lhis occurs in two 
forms, one of which is common, the other rare, Tho 
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common form is due to ineomplete closure of the 
choroidal fissure, 





id manifests itself as an inferior 






crescent, much resembling the myopic crescent (q.c.), but 
situated at the lower edge of the dise (Plate 1V., Fig. 1). 


It is a crescent, whiter than the dise itself, situated at the 
wer border. It ocears most commonly in hypermetropic 
eyes, which are often found to have slightly defective 
vision though the error of refraction is corrected. 

In what is commonly known us coloboma of the dise (or 
nerve sheath) there is greater failure of the fetal fixsure 
to clos. The dise then looks very large aud the vessels 
have a very abnormal distribut 
above or irregularly round. th 











. appearing only 
edges. ‘The apparent 
disc is really the sclerotic and inner surface of the sheath 





of the nerve, the nerve itself being usually spread out as 
a pink horizontal linear band at the upper part. ‘Che 
floor of tho coloboma is white and measurably depressed, 
often quite ectatic. 





1a eye usually has defective vision. 





CHAPTER XIX. 


INTRA-OGULAR ‘TUMOURS. 


Inrra-ocubak tumours are rare, but of supreme 
importance, since they ore usually malignant and 
endanger the life of the patient. 

Tumours of the Iris. —Surcoma of the iris is extremely 
rare. It is not uncommon to see irides with dark brown 
spots (tnelanomata), due to congenital aggregations of 
retinal pigment epithelium, As a rule these are bonign, 
but occasionally they take on malignant prolifera- 
tion. Any increase of size must be watched with 
ion. ‘True sarcoma, composed of pigmented or 
pigmented spindle-shaped or round cells, occurs as an 
isolated nodule. It grows rapidly, and if left attacks the 
corneo-selera and perforates the globe. Tt gives rise to 
metastases from which the patient dies. 

Although the only new growth of importance met with 
in the iris it may be diagnosed from gumma or tubercle 
only with difficulty. he chief points of difference are 
the absence of inflammation as shown by synechim, &e., 
the absence of satellites, the frequency of pigmentation, 
and the rapid ineroase in size. 

Treatment.—The growth should be watched for short 
time and if found to increase in size should be removed 
by iridectomy if this is feasible. ‘The specimen is aub- 
jected to expert microscopic investigation, If the growth 
is malignant and has not been completely removed or 
shows signs of recurrence the eye must be excised at 
onee. 
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Sarcoma of the Choroid js not so rare as sarcoma of 
the iris. The growth arises from malignant proliferation 
of the stroma culls of the outer layers, It at first forma 
a lens-shaped mass, raising the retina over it. By the 
process of growth increased tension is thrown upon the 
elastic membrane of Bruch, which finally ruptures. The 
colls then proliferate through the opening and form a 


globular “head” in the subretinal space, separated from 
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id by a narrow “ neck" (Fig. 201). 
The retina remains in contact with the tumour at the sum- 
mit of the head, bat is detached from the choroid at the 
sides, the intervening space being filled with albuminons 
fluid. The growth may be in any situation, and the flu 
may sink down to the lowest part of the eye, forming 
there o “simple” detachment isolated from that over the 
tumour. As the tumour progres 


















es the retina is more 
and more detached, until no part remains in situ. The 
nutrition of the lens then suffers, so that it becomes 
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opaque. The tumour may fill the globe before perforating 
the selerotie, or this may occur relatively early along the 
perivascular spaces of the vortex veins or ciliary vessels. 
The orbital tissues then become infiltrated. The 
lymphatic glands are not affected, but metastases occur 
in the liver and elsewhere. 

‘The growth is usually pigmented—melanotie sareoma, 
rarely unpigmented —leucosarcoma. The cells are 
spindle-shaped or round. ‘They may be arranged in 
columns (eylindroma) or around blood vessels (angio- 
sarcoma), and are then probably ondotheliomata. 

The course of sarcoma of the choroid is commonly 
divided into four stages: (1) the quiescent stage; (2) 
the glaucomatous stage; (3) the stage of extraocular 
extension ; (4) the stage of metastasis, ‘This ix probably 
the typical chronological order of events, but secondary 
glaucoma may arise at a very early stage or be delayed 
until after extraocular extension has taken place, and 
there is evidence to show that metastases may occur at 
an early stage. 

‘The cause of glaucoma is obscure: in most cases ib is 
due to the lens and iris being forced forwards, so that 
the angle of the anterior chamber becomes blocked, but 
this does not account for all cases. 

Sarcoma of the choroid usually occurs in adults 
hetween forty and sixty. It is always primary, single, 
and unilateral. The patient may come under observation 
in the early stage when there is only detachment of the 
retins. The earliest cases to seek advice ure those in 
which. the tumour is near the macula, since vision is 
then most strikingly affected. In other cases the tumour 
has usually attained a considerable size, and the patient 
may come for reliof of the pain of glaucoma. 

Tt is of the utmost importance that the cause of the 
detachment of the retina should be diagnosed in these 
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cases. We have already seen that “simple” detachment 
of the retina is most frequently found in myopic eyes 
or after a blow, though many cases are apparently 
“idiopathic.” In simple detachment the lower part of 
the retina is usually affected, though not always. There is 
therefore presumptive evidence--of only slight weight— 
that a detachment in the apper part is due to a tumour 
of the choroid. In detachments of considerable size the 
tension of the eye is normal or subnormal in the absence 
of a growth; if the tension is raised quite definitely a 
growth may be disgnosed almost with certainty. A 
simple detachment shows numorons, more or lesa parallel, 
folds, and undulations can be seen to travel over the 
surfuce when the eye moves. ‘The detachment at the 
suimmit of 4 tumour is usually rounded and fixed, though 
in the surrounding parts it may show all the signs af a 
“simple” detachment. Patches of pigment upon the 
rounded part support the diagnosis of a tumour, but 
pigment disturbance, more particularly at the periphery, 
is not uncommon in simple detachment, Very rarely a 
system of blood vessels having an entirely different 
mode of distribution to the retinal vessels can be made 
out between the latter vessels. ‘his is the most positive 
evidence of growth, but it is mrely seen, A very small, 
round detachment in the macular region or upper part 
of the globe is almost certain to be due to a tumour of 
the choroid. 

Dingnosis may be extremely difficult if the patient is 
first seen when glancoma has already supervened, 
Dependance must then be placed largely upon the 
history. Defective vision may have been noticed, but 
the premonitory haloes of glancoma have been absent, 
and vision has gone from bad to worse without romis- 
sions. One eye only is involved. The other may be 
perfectly normal, or at least not of the glaucomatous 
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type with small cornea, &¢., and the field of ¥ 
this eye will show no contraction of the nasal side, The 
affected eye will probably have no perception of light, so 
that if any doubt remains it should be excised. 
Treatment.—Vhe eye should be excised as soon as pos- 
sible after arriving ab the diagno Although sarcoma 
of the choroid rarely travels down the nerve it is wise to 
ent it aa long as may be. If the growth haa already 
burst through the globe the orbit should be exenterated, 
Prognosis is fair if the tumour is small and entirely 
intraocular, but even in these cases metastasis 
occurred, ‘The disease is invariably fatal, usua 
five years, if not eradicated by operation 
Sarcoma of the Ciliary Body is fundamentally of the 
sume nature and gives rise to the sume symptoms ms 





















sarcoma of the choroid, the differences being only those 
dependent upon the anatomical disposition of the parts. 
Thus, the retina being here more adherent to the under 
lying uvea, and being reduced to a double layer of 
epithelin! cells, is not detached. When the growth has 
spread to the choroid the retina proper becomes detached. 
‘The tumour may attain considerable size before it causes 
symptoms, which are then referable to displacement or 
distortion of the lens and interference with the ciliary 
muscle. ‘The growth may invade the angle of the 
anterior chamber. [t then has the appearane 
idodialysis, a dark 














of an 
ent showing at the root of 
That it is not an iridodinlysix is shown 
hy the fact that no reflex can be obtained through it on 
illuminating with the ophthalmoscopic mirror and from 
the absence of histo: a blow. In the case of a 
leucosarcoma the crescent may be yellowish, bat vessela 
will usually be visible upon the surface, and these render 
the diagnosis oasy. ‘lhe growth may be visible by 
oblique illumination with a widely dilated pupil. 
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Sarcoma of the ciliary body is less common than 
that of the choroid. The treatment and prognosis are 
the same, 

Secondary Carcinoma of the Choroid occurs some- 
times in late stages of scirrhus of the breast, &c, ‘There 
is obscuration of vision, and ophthalinoscopic examination 
reveals a widespread shallow detachment of the retina, 
‘The disease is nearly always bilateral, and as it is usually 
only one of many metastatic doposits and the patient is 
generally in the last stages of general carcinomatosis no 
special treatment is indicated. 

Glioma of the Ratina is a malignant disease confined 
to infants. It is probably always congenital, though it 
may remain quiescent or pass unnoticed until the fifth or 
sixth year or even later. The disease is rare; the second 
eye is affected in about one-fourth of the cases, but 
frequently the growth cannot be recognised even on 
careful examination until after months or even years. 
Several children of the same family are sometimes 
affected. 

The child is brought to the surgeon on account of o 
peculiar yellow reflex from the pupil, sontetimes called 
“amaurotic cat's eye.” If left untreated glioma rans 
through the same stages as sarcoma of the choroid, viz., 
(1) the quiescent stage; (2) the glaucomatous stage; 
{3) the stage of extra-ocular extension; (4) the stage of 
metastasis, ‘he second stage results in enlargement of 
the globe, with apparent or real exophthalmos. Pain is 
severe during this stage, but is relieved when the tamour 
bursts throngh the sclerotic. Perforation often occurs ab 
the limbus, and is followed by rapidly fangating growth. 
Metastasis first ocours in the preauricular and neighbour- 
ing glands, later in the cranial and other bones, Direct 
extension by continuity to the optic nerve (which is early 
affected) and brain is commoner, and metastases in other 
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organs, usually the liver, are relatively rare (ef. sarcoma 
of the choroid). [n most cases the firat stage lasts from 
six months to a year. 

Glioma is a malignant growth of the retina composed 
chiefly of sinall round cells with large nuclei, characteristi- 
cally arranged around blood vessels, and showing great 














Fie. 209. 1 of glioma of the retina (x 5). Note the rings 
of deeply stained celfs surrounding blood vesels; also the infilk 
tration of the wuterior purt of the optic neree, 





tendency to degenerative changes (Fig. 202). Ttis a disease 
sui generis, and bears no resemblance to glioma of the 
brain, from which it must be carefully distinguished. It 
probably originates in fcetal, undifferentiated retinal cells: 
when the other eye is affected it isa separate focus, and nob 
an extension vid the chiasma. It is invariably multiple 
(cf. sarcoma of the choroid). When seen very early, 
as for example in the second eye, a larger mass is seen 
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surrounded by numerous punctate satellites, Microscopi- 
cally minute deposits are seen scattered in vurioun situa- 
tions throughont the globe. It may grow principally 
outwards, separating the retina from the choroid—glioma 
exophytum, or inwards towards the vitreous—glioma 
endophytam. There is no fundamental distinction, but 
the ophthalmoecopi¢ appearances differ in the two types. 
Tn the former the condition resembles a more detach- 
ment of the retina ; in the latter polypoid masses may be 
seen stretching into the vitreous. Hiemorrhages upon 
the surface are not uncommon, especially in glioma 
endophytum. 

Several conditions occurring in children may give rise to 
similar signs, and cause great difficulty in diagnosis, 
These have been grouped together ander the term paendo- 
glioma. he chief are (1) inflammatory deposits in the 
vitreous, with or without detachment of the retina; 
(2) tubercle of the choroid, especially the confluent type ; 
(3) congenital defects, due to persistence of part of the 
fibrovascalar shoath at the back of the long. The first 
group are due to a quiet form of eyelitis, and a history of 
fits, unconsciousness, attacks of screaming, car disease, 
one of the acute specific fevers, syphilis, Xe. may be 
obtained. There is often iritis, or the results of iritis or 
iridocyeclitis, ¢.y., posterior synechis, retraction of the base 
of the iris, de, 

Tn all cases atropin should be instilled and both eyes 
should be thoroughly examined ophthalmoscopically, © 
under chloroform if necessary. The tension may then 
be satisfactorily tested, and may afford useful information 
which cannot be obtained without an anesthetic. Raised 
tension ix in favour of glioma, lowered of psoudoglioma. 
Even when every precaution is taken there is a con- 
siderable group of casos in which it ix absolutely 
impossible to be certain of the diagnosis. Considering 
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that the life of the patient is at stake and that the eye is 
in any case useless as an organ of sight, these cases 
should be treated as glioma. 

Treatment.—The treatment of glioma is excision of the 
eye st the earliest possible moment. The optic nerve 
should be ext long, and the cut end invariably submitted 
to mierosopical examination. If there is any doubt of 
extension of the disease to the conjunctiva or orbital 
tissues exenteration of the orbit is imperative. In cases 
whore the diagnosis is doubtfnl the eye should be removed, 
for in inflammatory pseadoglioms the eye ix destined to 
shrink and become unsightly. In no case should both 
eyes be removed at the same operation, but if one is 
proved by microscopical examination to be gliomatous 
and the other contains a similar growth, the second eye 
should also be excised if consent of the parents can be 
obtained. 

The prognosis of glioma, if untreated, is absolutely 
bad, the patient invariably dying. The prognosis is fair 
if the eye is removed before extra-ocular extension has 
occurred. In the absence of disease of the second eye 
the patient may be regarded as cut of danger if there is 
no recurrenes in the orbit within three years, but the 
remaining eye should be carefully examined under atropin 
at frequent intervals for a mach longer period. There 
are several cases on record of cure after removal of both 
eyes for glioma retins. 





CHAPTER XX. 


SYMPTOMATIC DISTURNANCES OF VISION. 


Avant from the disturbances of vision whieh have been 
already considered and have their origin in the eye itself, 
there are others dependent upon lesions in the visual 
nervous tracts. These not infrequently closely simulate 
the disorders due to peripheral causes, or, being early 
evidence of disease, lead the patient to consult an 
ophthalmic surgeon. There are also visual defects the 
cause and seat of which are imperfectly elucidated ; 
though some are probably peripheral in origin it will 
be convenient to consider them here. 

Homianopia (Syns.—Hemianopsia, Hemiopia)—Hemi- 
anopia denotes loss of halt of the field of vision. The 
commonest clinical form is so-called homonymous 
hewianopia, in which the right or left half of the binocular 
field of vision is loat, owing to loss of the temporal half 
of one field and the nasal half of the other. The condi- 
tion may be due toa lesion situated in any part of the 
visual tracts from the oceipital lobe to the chiasma. A 
focns of disease in this aren causes loss of vision of the 
corresponding halves of each retina (hence the designa- 
tion homonymous), ic, loss of the opposite halves of 
the visual fields. Sinee the afferent pupillary fibres part 
company with the visual fibres before the latter enter the 
so-called primary optic centres —external geniculate body, 
pulvinar, and superior eolliculus (vide p. 85)—a moans of 
diagnosis of the seat of the lesion, whether in the optic 
tract or above that level, is provided. If the lesion is 
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above the primary centres the pupil reactions are normal ; 
if it is im the optic tract Wernicke’s hemisnopie pupil 
reaction shoald be present (ride pp.71, 109). It mnat be 
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remembered, however, that this reaction is always difficult 
to licit, and with the methods usually employed is seldom 
conclusive unless definitely present. he majority of 
cases of hemianopia ure duo to lesions above the primary 
centres, usually in the occipital lobe or optic radiations. 
‘The exact site must be determined by collateral symptoms, 
caused by involvement of neighbouring structures, e9., 
word-blindness (probably angular gyrus), hemianmsthesia, 
with or without hemiplegia (internal capsule), &c. 

Tn most cases of hemianopia the fixation point of each 
eye escapes (Fig. 203). This is probably duy to two 
causes—widesproad representation of the foveal region 
in the occipital lobe of the same side, owing to spread of 
the fibres of the papillo-macular bundle and of the 
corresponding neurons of the third order; and bilateral 
representation of each foveal region in each occipital lobe. 
Occasionally the fixation point is ongulphed, Rare cases 
of double hemianopia have been reported ; vision is then 
not necessarily ontirely lost, since the fixation point may 
escape. 

Rare cases of homonymous quadrant hemianopia have 
also been reported, in which corresponding quadrants of 
each field—the upper or lower half of one temporal, and 
the upper or lower half of the other nasal—have been 
lost. These are generally caused by cortical or sub- 
cortical partial lesions of one occipital lobe, destruction 
of the part above the calcarine fissure leading to loss of 
the lower quadrants, and rice rerad. 

Bitemporal hemiancpia is usually eaused by disease of 
the pituitary body, which then presses upon the chiasma, 
so that the fibres going to the nasal halves of each retina 
are destroyed (Pig. 204), ‘The condition is common in the 
wivanced stages of acromegaly. The delimitation of the 
blind areas in the two fields is usually less accurate in 
these cases, and as they progress the loss in one eye 
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may be more rapid than that in the other, so that finally 
one eye may become completely blind whilst the other 


1G, 204,—Chai ts of Holds of vision in bitemporal hemianopin. 





retains a portion of the field. Wernicko’s ronetion 
should be present, 
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Binasal hemianopia is one of the grentest rarities, if, 
indeed, it can be said to occur at all in typical form. It 
necessitates two lesions, one on each side of the chiasma, 
destroying the fibres to the temporal halves of each 
retina whilst leaving the nasal fibres intact. 

Cases have been described in which there has been 
loss of half of one field and general blorring or 
amblyopia cf the whole of the other. In some of 
these eases a lesion has been found past mortem involv 
ing one occipital lobe and extending into the angular 
gyros. Heteronymous amblyopia hos therefore been 
ascribed to lesion of the angular gyrus. It is probable 
that this is merely 4 survival of the erroneous idea that 
the cortical representation of vision is in the angular 
gyrus. It is probable that this gyrus has to do with 
visual conceptions, ie, mental visual impressions of a 
higher order than the perceptions represented in the 
occipital cortex. 

Amblyopia (dyA%, blunt) and Amaurosia (djuanpée, 
dark) are the terms used for partial and complete loss of 
sight respectively in one or both eyes. They are not 
ned of ull cases of partial or complete blindness, but 
have become restricted to certain forms of a more or less 
indefinite character devoid of ophthalmoscopic or other 
marked objective signs. 

Unilateral amblyopia is usually either congenital (cide 
p. 560) or from psychical suppression of the retinal 
image—amblyopia cx anopsid (vide p.550) : these varictios 
aro discussed elsewhere. Unilateral amblyopia may be 
due to high refractive errors in the oye. This is pro- 
bably not a trae amblyopia, sinee correction with suitable 
glasses in early life cures the condition if sufficient 
perseverance is exercised. In older people glasses often 
fail: this may be attributed either to the development of 
& true amblyopia from disuse or, more prolubly, to 
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defective receptivity of the higher centres. Unilateral 
amblyopia is also a xymptom of retrobulbar neuritis (q.r.). 

Bilateral amblyopia is found in the various forms of 
toxic amblyopia (7.r.). Bilateral amaurosis occurs in 
uramin (vide p. 981). Both amblyopia and amaurosis 
occur in hysteria. 

Hysterical amblyopia, as might be expected, exhibits 
protean manifestations. It may be unilateral, bub is 
more commonly bilateral. There is usually concentric 
contraction of the fields, with or without colour defects. 
A spiral fiold is very charactoristic, ie., the field eon- 
tinually diminishes whilst it is being taken, so that it 
may be finally limited to the fixation point. The 
patients, however, get abont perfectly well unaided, an 
impossibility in cases of genuine highly eontracted fields 
(vide p. 965). The condition is sometines called wnes- 
thesia of the retina, an undesirable designation. Some- 
times there are irritative symptoms—blepharospasm, 
blinking, lacrymation, &c.—hyperesthesia of the retina. 
The pupillary reactions are perfect, affording an invala- 
able objective diagnostic sign. The prognosis in hys- 
terical amblyopin is good, though treatment is usually 
tedious. The chief difficulty consists in eliminating 
organic disease, such as retrobulbar neuritia, injury, 
embolism of the central artery of the retina, sympathetic 
ophthalmia, &e. 

Night-blindnosa occurs par excellence in rovinitis 
pigmentosa (g.r.) and in xerophthalmia (qv). It is 
alxo found in endemic form, especially after exposure to 
bright sunlight in hot countries, ¢g., amongst soldiers 
and sailors, The patients ure usually overwrought as by 
Jong marching, or debilitated as by scurvy, fasting in 
Lent, &e. ‘The condition generally improves rapidly if 
the eyes are protected and the nutrition attended to: 
cod liver oil is specially indicated. The affection is 
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purely local, due to abnormal retinal fatigue, as is shown 
by the fact that covering one eye with a bandage during 
the day has been found to restore sight enough for the 
ensuing night's watch on board ship, the unprotected eye 
remaining as bad as over, 

Day-blindness occurs in some cases of congenital 
amblyopia. It also occurs in all cases of reflex 
Diepharospasm, 

Coloured Vision is somotimes complained of, and red 
ig the colour usually noticed. Eyythrepsia occurs par- 
ticularly after cataract extraction if the eyes are exposed 
to bright light and are over-strained. It in met with also 
in snow blindness, Chromatopsia also occurs in some 
cases during the resolution of optic neuritis when the 
ensuing atrophy is not complete. 

Metamorphopsia ; Micropsia; Macropsia or Moga- 
lopsia ; Photopsis (vide pp. $59, 368). 

Musem volitantos (vide p. 350). 

Colour Blindness or Achromatopsia may be congenital 
or acquired. Acquired colour blindness, partial as in 
cases with relative scotormia, ar complete ax in disease 
of the optic nerve, has been referred to incidentally in 
treating of the various disorders of the eye in which it 
coours. It may also be a symptom of disease of the 
central nervous systent, especially perhaps the lowest 
parts of the occipital cortex. 

Congenital colour blindness is only discovered when 

. Specially tested, since the putionts compensate for their 
defect by attention to shade and texture, combined with 
experience. It occurs in 8 to 4 por cent. of males, but 
is extremely rare in females. It is of grave importance 
in certain occupations, eg., railway signalmen, engine 
drivers, sailors, &e. Total congenital colour blindness 
ix almost unknown. The commonest form ix red- 
green blindness, yellow-blue blindness being rare. Many 
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red-green cases are partial, only the feebler tints being 
confused, Sueh varieties of dyschromatopsia are not 
easily distinguished from the imperfect discrimination of 
tints by normal people. ‘The fundamental axiom in 
colour testing is that no importance should be attaehed 
to the naming of colours. Many normal people are very 
ignorant of colour names, and many colour blind people 
attain considerable proficieacy in naming colours aceu- 
rately, being guided by collateral evidence of shade, 
texture, &e, 

Many teats for congenital colour blindness haye been 
devised. ‘he only really satisfactory method is by means 
of the spectrum. Holmgren’s wools are used by the 
Board of Trade, &e., and wre sufliciontly good (Plate XIV). 
Test I. consists in presenting to the candidate a pale 
greon sample and telling him to select from the heap of 
wools all those which seem to correspond in colour. If 
he is colour blind he will probably select several of the 
ontusion colours "—greys, luils, straw colour, & 
well as greens. He is next a rose colour (Ila. 
he matches this with blues or violets he is red-blind ; if 
with greys or greens he is green-blind. He is then 
a bright red skein (IIb.): if he is red-blind he 
choose dark greens and browns, if gre 
greens and browns, Probably all red-blind people are 
algo groon-blind. In blue-blindness purplea, reds and 
orange are confused in test Ha. 























d 














CSb gh St) VIE STAT 
diet ad Adler enabaihs revico wi sear dervry milo the ae 


for) nolan ob a 
it box at all dite b ae 














ATE XLV. (2% fare p. 42%), 





am of Bolmeren's 1 our blindnews with soely 1, Test ly, 
(wee text. 71.429). 1,8,5.4, & confusion colours, Tn., Test Ua. 
6. Te cotours matched with Ma. ia red blindness: 4, 9, colours 
matched owith Ta. in green blindness Hb... Text Ub, 10, My 
clots matobed with 11k in red blindnes ; 12,'18, colours mintebad 
withe Ely green: blind 

















PLATE XIV 





i 2 3 4 5. 
i} 
} 
Na 
6 7. 4. 9. 
Tb 





10 uw 








CHAPTER XXf. 


INJURIES TO TIE BYE, PANOPHTHALMITIS, AND 
SYMPATHETIC OPHTHALMIA, 


‘Tue eye is protected from direct injury by the lids and 
the projecting margins of the orbit. Nevertheless, it is 
not exempt from foreign bodies, the ‘action of caustics, 
contusions by blunt instruments and wounds by sharp 
ones, g 


Fonerax Bones, Burys, &c. 


Foreign Bodies, which are usually small—particles of 
coal dust, emery, steel, &e.—may pitch upon the con- 
junctiva or opon the cornea. In the former case they 
cause sudden discomfort and reflex blinking. The 
foreign body sticks to the palpebral conjunctiva and is 
liable to be dragged across the cornea, which it 
excoriates. It may get floated by tears towards the 
inner canthus, .and so into the nasal duct. Very 
frequently it becomes lodged at about the middle of the 
uppor sulcus subtarealis (vide p. 574), where it is moxt 
likely to irritate the cornea, or in the upper fornix. 
It may occasionally become imbedded in tho bulbar 
conjunctiva. 

Particles of steel and emery are very liable to fy 
straight on to the cornea and penetmte into the 
epithelium or substantia propria. Larger particles of 
steel, or less commonly stone, glass, Xc,, may perforate 
the globe (ride p. 435). When situated in the cornea 
they cause great pain and irritation. Lf loft in this 
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situation they expose the cornea to the dangers of 
infection by organisms in the conjunctival sac, and 
ulceration, ‘This may lead to a small superficial slough 
boing cast off, carrying the foreign body with it. The 
small uleer thus formed may heal, but if virulent 
organisms are present, a spreading ulcer, with or 
without hypopyon, may develop. 

It is not always easy to discover a foreign body upon 
the cornen. A leash of dilated blood vessels at some 
spot near the limbus may direct attention to its position. 
Tn case of doubt the should be cocainised and the 
cornea thoroughly examined under oblique illumination 
with a loupe. The use of fluorescein will sometimes, but 
not always, reveal the position. 

Treatment. Voreign bodies must be removed as soon 
as possible, and as far as possible with antiseptic pre- 
cautions. 1f situated im the lower fornix they are easily 
removed with u elean handkerchief after overting the 
lower lid. Lf not found in this position the upper 
lid should bo verted (vide p. 92); the particle will 
generally be found in ita favourite situation, and ean be 
removed in the sume manner or by passing the finger 
over the surface. If it is still invisible the upper fornix 
should bo brought into view (vide p, 94) and the particle 
removed. Tn ease of difficulty, previous coeainisation 
will materially assist. 

If the foreign body is imbedded in the bulbar con. 
janetiva it should be picked out by a needle alter 
cocainisation. If a discission needle is not at hand a 
darning needle may be used; it should be passed 
through a flame first, eo as to sterilise it. This little 
Operation is performed in the same manner os removal 
of foreign bodies from the cornea (wide infra). Tt may 
be necessary to snip off the small piece of conjunctiva 
containing the foreign body with seiasors, 
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Removal of foreign bodies from the cornea is effected 
as follows: The eye is cocainised and the patient seated 
in achair. The surgeon stands behind the patient and 
holds the lids apart with the first and second fingers of 
his left hand, prossing slightly backwards so as to stoady 
the globe. An assistant focuses the light 
upon the cornea, the patient being told to 
look in the direction whieh affords the best 
view of the particle. A sterilised spad 
(Pig. 205) is used to remove it. Only if this 
fails after repeated efforts should a needle he 
resorted to. It may be a discission needle, 
or in default of that a darning needle (vide 
supra). The greatest care should be exer 
cised not to scrape up the epithelium more 
than is absolutely necessary. Emery and 
steal particles cause a little ring of brown 
stain around them. ‘This should be scraped 
off; if this is not done the patient is certain 


to return, under the impression that the ? 
foreign body has not been removed. I there i 
is any sign of uleeration and te patient is a 


young, with normal tension, a drop of 1 per 
esnt. atropin should be instilled, warning 
being given that the sight will be misty for 
a few days. If the patient is over forty or 
has any signs indicative of the possibility 
of glaucoma arising (cide p. 311), atropin 
shouki be avoided and the eye should be examined daily 
for atime, In every case the eye is kept bandaged for 
a day, and borwie lotion is ordered. If ulceration 
occurs it is treated in the usual manner (ride p. 290). 
Special attention should be given to particles of stone, 
which show a greater tendency than steel, ke., to 
cause ulceration, probably because steel particles are 
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often hot, and therefore sterile, when they enter 
the eye. 

Occasionally sharp steel and other particles penetrate 
deeply into the cornea, without, however, perforating. 
The efforts made to remoye them may push them still 
deeper or even into the anterior chamber. When saeh 
an accident is feared, special precautions must be 
adopted. If the particle is steel and a large magnet, 
eg, Haab's or Volkmann's, is available, this method 
should be tried (ride p. 444). Tt will generally fail, the 
particle being so small that an insufficient nomber of 
lines of force pass through it. In these cases or when 
the particle is non-magnetisable a broad needle should 
be passed into the anterior chamber and pressed against 
the buck of the cornea whilst the foreign body is being 
removed with a needle. If the foreign body escapes 
into the unterior chamber it must be removed by other 
methods (vide p. 448), 

Burns and Injuries by Causties.—Burns by hot 
water or ateam, hot ashes, exploding powder, molten 
metal, &c., and injuries by caustics, such as lime, strong 
acids and alkalies, &e., endanger the eye chiefly in two 
ways, viz., by injuring the cornea, and by producing 
sxymblephnron, Imtmoedintely after the aecident there is 
intense conjunctivitis, and in this stage it is difficult to 
be certain of the extent of the injury. Prognosis should 
therefore be guarded, care being taken to impress apon 
the patient the gravity of the injury and the necessity 
for constant supervision. In the worst cases the cormea 
is dull or opaque. In the sneceeding days on oschar 
forms and is thrown off. his is followed by granulation 
of the injured conjunctiva and frequently by ulceration 
of the cornea. The corneal condition must be treated 
like a corneal ulcer (wide p. 280), In bad lime burns, &c., 
the whole cornea may be destroyed, perforation takes 
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place, and the eye shrinks. In less severe cases n dense 
leucoma forms, porcelain-like in lime burns, and sight is 
lost. The chief danger derived from the condition of the 
conjunctiva is that of adhesion of the lid to the globe. 
It is most likely to oceur with the lower lid, the caustic 
acting principally upon the lower fornix, which is obliter- 
ated by organisation of the granulation tissue. The 
symblepharon thus produced impedes the movements of 
the globe and may even interfere with its nutrition. 
Every precaution must be adopted to prevent its 
occurrence. 

Treatment.—In the earliest stages of injury by caustics 
the excess of deleterious material must be removed. 
Acids may be neutralised by dilute alkalies (lotio sodii 
bicarbonatis, 8 per cent.) and alkalies by weak acids 
(lotio acidi boracicl) or milk. Particles of lime must be 
perseveringly picked ont with forceps, after previous 
application of cocain, A few drops of ol. ricini may be 
instilled. 

‘To prevent symblepharon a glass rod is well coated 
with vaseline or boracic ointment, or if the cornea ix 
involved atropin ointment, and the point is swept 
round the upper and lower fornices, so that these 
are well packed with ointment. In severe cases cold 
compresses should be applied, and the patient put 
to bed. 

In the succeeding days, if symblepharen still threatens, 
the treatment with ointment and the glass rod is repeated 
‘once or more times daily necording to the severity of the 
ease. A strip of tin-foil, gold-beaters’ skin, guttapereha 
tissue, or linen, xmeared with ointment, may be inserted 
into the fornix and kept in place by a bandage. If 
aymblepharon occars it must he suitably treated (vide 
p. 597), but prevention in this case is very much easier 


than cure. 
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Cowrvsions ny Bruun Ixsraoments, 


Tojuries by blant instraments vary in severity from a 
simple corneal abrasion to rupture of the globe. There 
is no part of the eye which may not bo so injured by 
contusion as seriously to diminish vision. Moreover, 
in some cases the changes are progressive, 80 that in all 
case a very guarded prognosis should be given. The 
various conditions which may follow contusion will be 
briefly onumerated. 

Cornes.—A simple abrasion may be enused. It is 
recognised by distortion of the corneal raflex and the 
use of fluorescein (vide p. 100). Tt may become infected 
and give rise to a corneal ulcer, In the simple cases 
the use of « lotion, eg., borucie acid, boracic ointinent to 
prevent the lids from sticking together, and a pad and 
bandage for a few days suffices. Ulceration must be 
treated suitably (vide p, 280). 

Deep opacity may be found, usually in the form of 
delicate grey strim interlacing in different directions. 
They are due to accumulation of lymph in the inter- 
lamellar spaces ; occasionally to wrinkling of Descemet’s 
membrane (vide p. 275). ‘They generally clear up with- 
out leaving a permanent opacity. 

Rupture of the cornea is very rare. Descemet’s mem=- 
brane may be ruptured alone. In complete rupture an 
attempt may be made to save the eye by suture. 

Sclerotie.—Hnpture of the globe is gonurully due to its 
being suddenly and violently forced against the orbital 
walls, The force is usually applied down and out, and 
the eye comes into contact with the pulley of the superior 
oblique muscle, The sclerotic gives way at its weakest 
part, viz., in the neighbourhood of the canal of Schlemm. 
‘The wound is oblique, being farther forwards intornally 
than externally, where it appears more or less concentric 
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with the corneal margin and about 8 mm. behind it. 
‘The conjunetiva is often intact, but there are always 
severe injuries to other parts of the eye. The iris is 
generally prolapsed or torn away  (iridodialysis) or 
retracted. The lens may be expelled from the eye or 
escape under the conjunctiva (subconjunctival dislocation 
of the lens) or be forced back into the vitreous, making the 
anterior chamber deep. The anterior chamber contains 
blood (hyphwema) and there may be hemorrhage into the 
vitreous, Detachment of the retina occurs, with or 
without subretinal or subchoroidal hemorrhage. The 
eye usually shrinks and is lost. 

Treatment.—In severe casos nothing remains but to 
excite the collapsed globe. In less severe cases, without 
extrusion of the contents of the globe, atropin may be 
instilled, cold compresses applied, and the patient kept 
in bed. Sometimes good results follow suture of the 
rupture. If the raptore involves the periphery of the 
cornea the iris alone may be prolapsed, It is then 
plan to insert the sutures in the sclerotic without tying 
them, before excising the prolapse; they are then tied. 

In subconjunctival dislocation of the lens it would 
seem a natural procedure to open the conjunctiva and 
let out the lens. This is, however, absolutely contra- 
indicated in the carly stage, It must be remembered 
that there is an opening directly into the vitreous, and 
that such a procedure will almost inevitably involve 
oseapo of vitreous, and possibly panophthalmitis. Atropin 
should be instilled and cold compresses applied. The 
lene will gradually become absorbed, but no harm will 
accrue if the remnants are removed after the scleral 
rapture has healed. 

Tris.—Most injuries to the iris caused by contasion 
are due to sudden inearving of the cornea, whereby the 
aqueous is forced back against the iris and lens. 
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Traumatic mydriasis may follow a contusion. The 
pupil is large and immobile, and usually remains 
moderately dilated permanently. Tt is due probably to 
paralysis of the motor nerve fibres, though there are 
often minute ruptures in the pupillary margin. Radiating 
lacerations of the iris, sometimes extending to the ciliary | 
margin, are rare (Pig. 206). SIridodialysis is commoner 
(Fig. 207), The iris is torn away from its ciliary 
attachment for a varinble distance, On inspection a 
black biconvex area ie seen at the periphery, and the 
pupillary edge bulges slightly in- 
wards. With the ophthalmoscope 
mirror « reflex can be obtained 
through the peripheral gap, and the 
fibres of the suxpensory ligament and 
edge of the lens may be visible. 
Uniocular diplopia may be produced 
hy this injory. In traumatic aniridia 
Fra. 200.—Tacerntions or ivideremia the iris is completely 
torn away from its ciliary attach- 
cio any ‘he ment, contracts into a minute ball, 

blow. (From a and sinks to the bottom of the 

garg 'y Holmes anterior chamber, where it may be 
impossible to seo it. Rarely the 

sume appearance is eansed by total inversion of the iris, 
the whole iris being doubled back into the ciliary region 
out of sight. More commonly inversion ix partial, so that 
the appearance of a coloboma. (q.x.) is obtained. Tn all 
these cases there is usually hyphema, and ather injuries, 
stich as partial dislocation of the lens, &e., may be present. 

The treatment consists in rest and the application of 
cold compresses, Atropin should be instilled in 
iridodialysis, but not in ruptures of the iris, 

Ciliary Body.—Contasions may cause diminution in 
the amplitude or loss of accommodation, owing to 


, 
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paralysis of the ciliary muscle, The ciliary body may be 
involved in rupture of the globe (rupture, prolapse, &e.), 
and plastic eyelitie may be induced. 

Lons.—Subconjunctival dislocation of the lens has 
already been described. The same mechanism whieh 
produces the various injaries of the iris may cause the 
lens to be forced back into the vitreous. The suspensory 
ligament ix then ruptured. The rapture may he com- 
plete or partial. When complete the lens may sink to 
the bottom of the vitreous chamber, where it may be 
visible as a yellowish mass; occasionally it remains 
clear and cannot be seen. Partial rupture of the sus- 
pensory ligament occurs with 
subluxation of the lens, which 
may bo displaced laterally with 
or without some degree of rota~ 
tion. ‘This lends to irregularity 
in the depth of the anterior 
chamber, which is deoper in yg, 207, —trideaialysis fole 
the part unsupported by the Sostog @ blow, (Nettles 
lens. With the pupil ditnted a) 
the edge of the lens may be seen, as a grey convex ling 
by oblique illumination, but more readily and unmistak- 
ably as a black line with the ophthalmoscopie mirror 
{vide p. 128). ‘The want of support to the iris causes 
tremulousness (iridodonesis) on the slightest movement 
of the oye, a tremulousness which is limited to the 
unsapported part. 

Blows upon the eye less directly from before back- 
wards oceasionally cause dislocation of the lens into the 
anterior chamber. This rarely occurs with a lens of 
normal size, but not infrequently by quite trivial injury 
when the lens is shranken, The clear lens in the 
anterior chamber is not always easily recognised, bat it 
does not long remain clear, and diagnosis is then easy. 
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It is more globular than normal owing to its freedom 
from the restraint of the suspensory ligament. When 
still clear it looks like a globule of oil in the anterior 
chamber, With oblique illumination it hax « golden 
rit, due to total reflection from the posterior surface ; this 
is the exact opposite of the total reflection when the 
edge of the lens is seen with the mirror, the light being 
then totally reflected back into the eye. The lens in the 
anterior chamber causes spasm of the sphincter iridis. 
This may oceur at the moment when it is passing 
through the pupil. Intense iridocyelitis is then set up. 
In most cases of dislocation forwards the lens ia 
shrunken, and the suspensory ligament has become 
partially absorbed ; dislocation into the anterior chamber 
may occur in these cases spontaneously, without any 
contusion. Unless the lens is very small, extreme 
irritation is set up by its presence in the anterior 
chamber, und the eye is lost if it i# allowed to remain. 

Dislocation of the lens always causes considerable 
disturbance of vision. In partial rupture of the suse 
pensory ligament there is astigmatism which is enor- 
mously increased by tilting of the lens, The slackening 
of the suspensory ligament causes increased curvature 
and myopia, which may be more than compensated by 
lwekward displacement. In total dislocation into the 
vitroous the effect is that of the old cataract operation 
of conching; the pupillary area is aphakic, the 
refraction ia highly hypermetropic, requiring cataract 
plasses for its correction. 

If the lens is displaced so much laterally that the 
edge crosses the pupil unioeular diplopia is present, 
Through the aphakic area of the pupil the eye is highly 
hypermetropic, through the phakic portion it may he 
imyopic, in addition to whieh the periphery of the lens 
acts as a prism. Ophthalmoscopic examination under 
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these conditions shows two images of the disc by the 
indirect method, differing considerably in size. By the 
direct method the fundus may be observed through the 
phakic or through the aphakie portion of the pupil, 
different lenses being required to correct the refraction 
in the two cases. 

Subluxation of the lens may occur as a congenital 
condition (vide p. $49). 

Besides the immediate consequences of dislocation of 
the lens, very serious remote effects may follow. In 
subluxation the lens ix very liable to become opaque, 
owing to malnutrition. The pressure of the edge of the 
lens on the back of the iris and on the ciliary body often 
acts up severe iridoeyelitis, whieh may lead to the loss of 
the eye, and even endanger the other by sympathetic 
ophthalmia (g.v.), Secondary glaucoma is a very 
frequent sequel (vide p. 810). 

Treatnent.—In the absence of irritation vision may 
be improved in total Iusation into the vitreous and in 
subluxation by suitable glasses. In tho latter case it is 
usually impossible to correct the astigmatism, but some- 
times the aphakic part of the pupil can bo used, If 
iridocyelitis or secondary glaucoma ix present the lens 
should be extracted if this is possible. It is imperative 
when tho lens is in the anterior chamber. In all eaxoa 
it is unusually difflewlt. Tf it is impossible an 
iridectomy may improve matters, but more uxually fails. 
Tf the eye ix blind and painfal it should be excised. For 
the treatment of subconjunctival dislocation see p. $29. 

Besides dislocation of the lens, concussion cataract 
occasionally followsa contusion. In most of these cases 
the eapsule is raptured, and the lens gradually becomes: 
abaorbed as in traumatic cataract after noodling or 
perforating wound, though less readily. The condition 
should be treated in tho same manner, 

DB. 28 
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Vitreous. —Hwmorrhage into the vitreous is the eom- 
monest effeet produced in it by contusion. The vitreous 
chamber may be filled with blood. In this ease no 
reflex will be obtained with the ophthalmoscopie mirror, 
With oblique illumination a dull red hne may be seen, 
especially if the pupil is dilated. The blood may become 
almost completely ubsorbed, but cloudy opacities remain. 
Tn rare cases “retinitis” proliferans follows from 
organisation of the clot (wide p. 882). 

Liquefaction of the vitreous and opacities in it may 
follow a Llow owing to uveitis and defective nutrition, 
and without hamorrhage. 

Choroid.—Kupture of the choroid occurs a8 tho result 
of contusion. Lmmodiately after the injury the view is 
obscured by extravasation of blood. When this has 
become absorbed the rupture, usually not far from the 
dise and concentric with it, is seen as a curved white 
streak over which the retinal vessels pass (Plate V., 
. The retina may also be ruptured, but this is 
ional, ‘The edges of the strenk ure pigmented in 
the later stages; in the earlier, remnants of blood may 
be seen, ‘The white appearance is due to the sclerotic 
shining through. The rupture is generally to the 
outer pide of the disc, and there are often two or 
three of different sizes, more or lesa concentric with 
each other, 

A contusion may cause choroidal hemorrhage, which 
may be small, shown later by patches of choroido-retinal 
atrophy, or large, sub-retinal or sub-chovoidal. ‘The latter 
can seldom be seen opthalmoseopically, but are part of 
more extensive mischief. 

Retina.—It has already been pointed out that detach- 
ment of the retina ) is often due to contusion. 
Rupture of the retina with rapture of the choroid is rare. 
Henorrhayes into the retina occur; they are usually 
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small, but lange hemorrhages into the vitreous: (ride 
aupra) are in part derived from retinal vessels. 

Commotio vetine is a frequent result of blows upon the 
eye. Instead of the norma! bright red colour the rotinn 
shows a milk-white cloudiness, usually near the papilla 
and posterior pole and ayer a considerable urea, Tt is 
probably due to edema. It disappears after some days, 
and vision may be restored to normal, 

Serious changes are apt to occur at the macula, and 
are easily overlooked immediately after the accident, or 
it may be impossible to obtain a good view. A “hole” 
may oceur at the macula, It appears as a small circular 
deep red patch, jast as if a hole had been punched ont, 
It is doubtful if it is a true hole. In other cases the 
macula looks deeper in colour than normal, and in the 
course of time it beeomes pigmented. The spots of 
Pigment are very fine, mostly aggregated near the fovea, 
with a few farther afield. This pigmentation is the sign 
of serious defect in central vision, which has a tendency 
to increase progressively. 


Penvonatixe Travan. 


Perforating injuries may be caused by sharp insten- 
ments or by foreign bodies. 

A wound with a sharp instrument may penetrate the 
cornea, the corneo-scloral junction, or the sclerotic ; it 
may pass in for a variable distance, wounding the iris, 
lens, &e., or pass through the eye. 

Wounds of the conjunctiva are common. They heal 
readily, but the process may be hastened, and the 
resulting adhesion to the sclerotic lewened by intro- 
ducing one or more sutures. Polypoid masses of 
granulation tissue sometimes form on the surface; they 
should be snipped off with scissors after cocainisation, 

2—2 
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‘Wounds of the cornea may be linear or lacerated. ‘The 
margins swell up and become cloudy through imbibition: 
of fluid. If sinall and limited to the eentre they heal 
well unless they become infected. A permanent dense 
opacity is left, and the contraction of the organising 
scar tissue causes irregular astigmatism. If they become 
infected they must be treated like perforating ulcers. 
The danger is greatly increased (1) if the wound is 
large, especially if it extends into the selerotic, or (2) if 
the lens is also wounded. In the former case prolapse 
of the iris is almost certain to occur, Ib must be 
excised (ride p. 289), care being taken that the iris is 
quite free. If in a few days it is found that there ix an 
anterior synechia this should be divided as soon a the 
wound is sufficiently healed to permit of the necessary 
procedures without re-opening it. Uf this is not done 
the traction on the iris will Keep up irritation in the eye, 
as shown by ciliary injection, &c,, and such eyes are 
linble to cause sympathetic ophthalmia. 

Wound of the lens increases the gravity of the case 
enormously, ‘The lens swells and keeps the iris in 
contact with the cornea, so that re-formation of the 
anterior chamber is much delayed, If at length it 
re-forms the aqueous becomes filled with swollen lens 
fibres, which also irritate the iris. Infection, which is 
one of the greatest dangers of all perforating wounds, is 
particularly likely to occur in these cases. The excision 
of any prolapsed iris in such 1 manner as to free it 
eompletely from the wound is extremely difficult. The 
subsequent prolonged contact of the iris with the cornea 
facilitates the formation of broad anterior synechis which 
it may be found impossible to divide. Ciliary 
is kept up, and sympathetic ophthalmia is very liable to 
supervene if the eye is retained too long. 

Wounds of the corneo-sclera are commonly held to 
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be particularly liable to set up sympathetic ophthalmia 
(qe.). In thom the ciliary body is injured directly, and 
may be prolapsed. There is the nenal danger of infec- 
tion, and if this occurs panophthalmitis ix cortain to 
follow on account of the ready communication with the 
vitroous, If this does not happen ciliary ircitation ix 
kept up. There can be no question that the sterility of 
the instrament which caused the accident is of the 
utmost importanes, apart from actual supparative 
infection, It is uncommon for a wound with a sterile 
instrument to cause sympathetic inflammation, though 
it cannot be positively denied that such cases may occur. 
If the lens is wounded the chances of saving the eye are 
greatly diminished, 

Treatment.M tho injury is strictly limited, and has 
been caused by an instrament which is probably sterile, 
an atwmpt should be made to save the eye. If the iris 
or ciliary body, or both, are prolapsed, they must be 
excised. Some vitreous will inevitably be lost during 
the operation, ‘The following procedures may be adopted: 
A gener anesthetic ix given, unless specially contra. 
indicated. The conjunctival sac is washed out with a 
large quantity of perchloride lotion. A speculum is 
inserted; it may be kept from pressing on the globe itr 
on assistant, The wound is thoroughly inspected, the 
opening in the conjunctiva being enlarged if necessary. 
Fine silk sutures are then inserted in the sclerotic, but 
are not tied, great eare boing exercised not to press 
unduly upon the eye. ‘The prolapsed iris and ciliary 
body are then excised aa in the operation for simple 
prolapsed iris (ride p, 239), The scleral sutures are 
then tied. Finally the conjunctiva is sutured over the 
wound, Atropin is instilled, the eye bandaged lightly, 
and the patient put to bed. 

If the eye does not quiet down in the course of a week 
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or ten days, a8 shown by diminution of ciliary injection 
and cessation of photophobia and lacrymation, it should 
be excised. In the interval the cornea is examined most: 
carefully each day by oblique illamination with the loupe 
for precipitates (“K.p."). Tf these are seen the eye 
should be excised. Similar care is devoted to the dis- 
covery of “k.p."" in the opposite eye, and if they should 
be found there excision of the injured eye is still more 
imperative at the earliest possible moment. If the eye 
quiets down quickly and there ia no evidence of 
iridowyclitis in either eye the case will probably do well, 
but it should be kept under observation for a very 
prolonged period (vide p. 448), 

If there is much prolapse of vitreous as well as of 
is and ciliary body, or if the lens is wounded, there 
is little probability of saving the eye. If it is almost 
certain that useful vision will be Jost the visks of 
sympathetic should not be run, but the eye should be 
promptly excised. 

Wounds of the sclerotic ore not always easily 
recognised. The eye may have been wounded through 
the lid. he braising and laceration of the lid may 
make examination of the eve difficult. The lid should 
be raised from the globe and drawn back with a 
Deamarres’ retractor, under an anwsthetic if necessary. 
Even when the eye is examined the effusion of blood 
under the conjunctiva may render the diagnosis uneer- 
tain, still more the question of perforation. When 
perforation hax occurred, there ix reduc! in the intra- 
ocular tension. If the perforation is near the cornea, 
Whe anterior chamber ix shallow or obliterated, If the 
wound is large, prolapse of some of the contents of the 
globo occurs, ‘The uvea—iris, ciliary body, or choroid 
are most easily recognised on account of their pigmenta: 
tion, Very often the gelatinous vitreous can be secu 
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hanging out of the wound. Hyphwma and vitreous 
hemorrhage may be present with or without perforation. 

Treatment-—If the injury is so severe that there ix no 
likelihood of recovery of useful vision, the eye should be 
excised at once. If there is a chance of useful vision, or 
if permission to excise is withheld, the sclerotic may be 
sutured after excision of prolapsed vitreous, ke. Such eyes 
usually shrink, unless indeed panophthalmitis ensues. 

Wounds of the lens cause traumatic cataract, Usually 
the anterior capsule is wounded; when the posterior 
capsule is torn, the vitreous acts in the same manner az 
the aqueous. A few hours after the injury the lons 
becomes cloudy in the vicinity of the wound, This is due 
to the action of the aquéons upon the fibres, causing 
them to swell, They protrude through the opening in 
the capsule as flocculent grey masses, some of which 
become free and sink to the bottom of the anterior 
chamber. Sometimes the whole chamber is full of white 
flocculi, and the Jens nucleus may escape entire, The 
masses ore gradually dissolved by the aqueous, and pass 
out with it through the angle of the chamber. In this 
manner, in young patienta, the whole lens, with the 
exeeption of the capsule, may be absorbed. Usually 
absorption ceases earlier through closure of the capsular 
wound. The enclosed lens fibres become opaque, and 
discission ix necessary to cansé their complete absorption 
(vide p. 463). The smaller the wound in the capsule, 
the sooner it is likely to close. In rare eases, with very 
ainall, though it may be deep, wounils, the opneity may 
remain limited to the site of injury. 

A certain smount of inflammatory resetion with ciliary 
injection is always set up. ‘This may be excessive, even 
in the absence of infec! It will then be found that 
‘the intra-ocalar te raised, ‘The swolling of the 
Jons foroos the periphery of the iris against the cornea 
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and secondary glaucoma supervenes. ‘This tendency 
is increased by the difficulty with which the highly- 
albuminous aqueous escapes from the eye, especially if 
the wound in tho capsule is large and much of the lens 
substance has escaped into the anterior chamber, If 
the secondary glaucoma is not relieved, the sight will be 
lost by destruction of the optic nerve. The aqueons and 
swollen lens substance must therefore be let out by « 
eurette evacuation (ride p. 467). 

‘Traumatic cataract is deliberately induced in the 
operation of discission. 

In the absence of secondary glaucoma, the condition 
is treated by rest in bed, atropin, and a bandage. It ix 
of the utmost importance that the pupil shall be kept 
well dilated. If it is not, adhesiona will form between 
the iris and the lens capsule, ‘The tendency to iritis is 
inereased, a ring synechia may form, leading to a more 
serious form of secondary glaucoma, and in any case a 
subsequent needling will be made more dificult and 
dangerous, Sterile atropin ointment, 1 per cent, 
should be used three or four times daily. If the pupil 
does not dilate satisfactorily, hot bathings should be 
given every four hours, and in the case of udults leeches 
may be applied. 

Perforating wounds with retention of foreign bodies 
have special features and dangers, Eyes containing 
foreign bodies are particularly liable to set up sym- 
pathetic ophthalmin. In cases of perforating wound, 
the question often aries whether a foreign body has 
been retained within the eye. The foreign bodies most 
likely to penetrate the eye and be retained are minute 
chips of steel, stone, and particles of glass, less frequently 
spicules of wood. Iu chipping stone with an iron chisel, 
it ix uxunlly « chip of the chisel which enters the eye 


and not of the stone. 
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'The foreign body may pasa through the cornea or the 
sclerotic. The wound of entry may be extremely minute. 
‘The patient may even be unaware that a foreign body 
has penetrated the eye. If it passed through the cornea, 
the minute wound or sear can always be found by careful 
examination with oblique illumination and a loupe, It 
may escape detection in the sclerotic. 

The foreign body may be retained in the anterior 
chamber. Here it may fall to the bottom of the 
chambor, and if very small be hidden by the sclerotic. 
It is generally, however, caught in the iris, and can be 
recognised with a loupe. A pioce of glass in the anterior 
chamber is exceptionally difficult to see, on account of 
its refractive index differing so little from that of the 
surrounding media. 

The foreign body may pass into or through the lens, 
either by way of the iris or of the pupil. In each case « 
traumatic cataract is produced, and this andergoes the 
usual changes (vide p. 439). If the particle has passed 
throngh the iris there will be a hole in this stracture. 
If the case is seen very early or very late, the hole looks 
Diack by oblique illumination, but shows a red reflex 
when ilomimated by the ophthalmoscopic mirror, In 
the intermediate stage the cataractous lens behind the 
hole prevents a red retlox from being seen, A hole in 
the iris is of the utmost diagnostic significance, since it 
occurs only as the result of perforation by a foreign 
hody. It is possible for a foreign body to pass through 
the iris and through the circumlental space without 
wounding the lens. The foreign body may be visible 
in the lens, either before or after dilatation of the pupil. 

‘The foreign body may be retained in the vitreous; in 
this case the changes set up cause liquefaction of 
the vitreous sooner or later, and the particle sinks to the 
bottom of the chamber. More commonly it passes 
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through the vitreous and lodges in the retina or 
or it may pass quite through the globe into thi 
Jf tho particle is small, the lens clear, and #} 
‘been little humorrhage, the body may be seen 


through the vitreous looks like a grey line. The 
body, generally black, and often with a metallic 
is surrounded by white exudate and red blood 
the particle has been long tu site it may become 
or loss encapsuled, a small white area of fibrous 
being seen, with dense masees of black pigment 
around it. 

If there is any doubt as to the presence of a fi 
body in the eye, a skingram must be taken. | 
substance is one whieh gives a good shadow, eg. 
lead (shots), &e., its position ean be avcarately loc: 
by suitable apparatus. Glass which contains much le 
may give a good shadow, so that the diagnosis 
facilitated in these difficult cases. The foreign bot 
may he proved to be outside the globe, in whiel 
anxiety na to the occurrence of sympathetic opht 
is set at rest. 

Tho prognosis is always bad. It is least bad if the 
foreign body is in the anterior chamber and the lens 
is not wounded, ‘The eye may be suved if it is in the 
lens, especially in young people, whose lenses are capable 
‘of becoming completely absorbed. Very rarely a foreign | 
body is retained in the vitreous or retina for a long 
period without destroying eight, This is particularly rare 
in the case of particlos of iron, for the motal undergoes 
chemical changes and the tissues of the eye become 
stained with rust (siderorix bnibi), Tt must be constantly ‘ 
borne in mind that eyes containing foreign bodies are 
liable at any time to set up sympathetic ophthalnin. 

Treatment, is a rule that the foreign body should 
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be removed. There are rare exceptions to this rule, 
more particularly if (1) the foreign body was probably 
sterile; (2) little damage has been done to vision ; and 
(8) the process of removal will almost inevitably destroy 
sight. ‘These conditions are most often falfilled in the 
case of minute foreign bodies in the retina. 

Magnetisable foreign bodies are more easily removed 
than others, since the small or the large electro-magnet 
can be brought to bear upon ther. 

A chip of stool free in the anterior chamber is removed 











Fru. 208 —Smnall magnet, with poles of wnrions shapes 


by making an incision with a keratome or broad needle 
at the periphery of the cornea and introducing the 
pole of the small eleetro-magnet (Fig. 208) just within 
the wound. All the preparationa for dealing with a 
prolapse of iris must be made (cide p. 239), 

A foreign body on the iris may sometimes be removed 
with iris foreeps through a similar incision, If it is 
entangled in the iris tissue, the iris must be drawn out 
cof the wound and the part containing the foreign body 
excised with de Wecker’s scissors, as in the operation for 
iridectomy (vide p. 455). 
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If the foreign body ix in the lens, a 
allowed to elapse for the aqueous to: 
fibres. A curette evacuation (vide p. 467) 


taal 


the capsule by discission a few days before 
evacuation. In these cases a subsequent 
often be required to obtain a clear 
pupillary area of the capsule. This should be 
exactly the same manner as after discission for 
cataract. If the patient's other eye is 1 
not be able to wear the correcting glass for 
eye, but his field of vision will be increased on 
A more cogent reason for operating is found 
that it is ensier to obtain a clear opening at this 
than after months or years, when the capsule will h 
become thickened and very difficult to divide. In 
patients it may be necessary to extract the lena 
operation for senile extraction (vide p. 470), but the 
amount of soft lens matter will increase the dang 
the operation. 

If the foreign body is in the vitreous or retina it is 
practically impossible to remove it without very seriously 
Giamacing ibeleye unleaa isin magusiiantle,) thee 
ment then lies between leaving it alone and watching 
the case, or excising the eye on account of the damage 
done or the danger of sympathetic. | 

If the substance is iron it may be possible to remove 
it with the large magnet (Haab’s or Volkmann's), This | 
will be facilitated by knowing its position, either by direct 
observation or by skiagraphy ; some hint may be obtained 
from the position of the wound of entry and the probable 
direction in which the foreign body was trayelling, 
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‘The patient ix seated in front of the magnot if Hanb's 
instrument is used (Fig. 209), or lies on his back if Volk- 
mann's is employed. The oye is brought close to the 
magnet, the cornes touching the pole. This is important, 
since if there is a large piece of irou in the eye and the 
cornea is not in contact with the pole, the whole eye may 





Pro, 209,—Tluat’s glant magnet, 


be drawn forward out of the socket when the current is 
turned on. Moreover, the direction of the core of the 
magnet should eoincide 4 nearly as possible with the 
direction of entry of the foreign hody. The current is 
then turned on. If the operation is successful the 
foreign body comes forward into the anterior chamber. 
Tt may be necessiry to turn the current on and off several 
times before this happens. If the particle is small and 
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deeply imbedded the operation is likely to fail; 


before the chip has beeome firmly «neapsuled or n 

in exudates, ‘The foreign body often passes round: 
Jens, not through it. It may be seen bulging the 
forwards. The current should then be turned off and 
the eye adjusted so that the particle will be drawn 
towards the pupil. When it has fallen into the anterior . 
chamber it should be removed with the small magnet ix 
the manner already described. 

The immediate effects of extraction of foreign bodies 
with the large magnet is often good, but irreparable 
damage is often done to the eye. The tracks 
the vitreous often become filled with fibrous tissue, As_ 
this organises and contracts, the retina is pulled ap, and 
total detachment destroys vision. Or more severe 
iridocyclitis may be set up and the eye shrinks. 










Panopnrianmiris. 


Panophthalnitis is generally caused by infected 
wounds, whether accidental or the result of operations, 
and ulcers. In rare cases if is metastatic, accompanying 
pyemia and puerperal foyer, meningitis, and orbital 
cellulitis. In the exogenous form the vitreous is usually 
first affected; organisms grow in it as in a culture 
medium, and purulent retinitis, cyclitis, and choroiditis 
are set up (Fig. 210). In the endogenous forme there 
may be « septic embolism of a retinal artery or the 
choroid may be first affected. In this group it may be 
bilateral. 

In both forms there is rise of temperature, headache, 
and sometimes vorniting. In the exogenous forms the 
edges of the wound become yellow and necrotic, 
hypopyon appears, there is great chemosis, with intense 
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ciliary and conjunetival congestion, and the lids sre 
swollen and red, There is severe pain in the eye, due at 
first to Iritis, later to increased tension. The vitreous 
becomes purulent, as shown by a yellow reflex by oblique 
illu: tion. Tho anterior chamber soon beeomes full 
of pus, and the cornea cloudy and yellow. ‘There may 








¥ xi, 210 —Seetion of the retins anil choread in panophthalinitis 
(Cx @), following a perfornting wound 


be cxophthalmos and limitation of movement of the 
globe, In the metastatic cases rapid failure of vision, 
& yellow reflex, and hypopyon are found in the early 
stages. 

Tf the case is left to take its course the pus bursts 
through, usually just behind the limbus. ‘Tho pain 
subsides, und after prolonged sappuration the eyeball 
shrinks. . 











DISEASES OF THE 


‘The prognosis is bad, the eye being almont fi 

Jost. The condition is not likely to seb up § 
ophthalmia, 
Treatment.—In the early stages after 1 
wounds an attempt must be made to stay the process. — 
The edges of the wound are cauterised with pure carbolic 
acid or the actual cautery. The anterior chamber may — 
be washed out with hydrogen peroxide solution, and 
iodoform introduced. Hot fomentations and leeches ara” 
applied, and atropin instilled, 

As soon aa it is evident that the eye cannot be saved 
it should be excised. This should not be left too long, 
and great care should be taken that no undue pressure 
is put upon the eye. Tf pus escapes there is danger of 
purulent meningitis being set up, the patient's life being 
thereby ondange wed, On this account many surgeons 
refuse to excise these eyes. Thay open the eye freely by 
a cracial incision and wait until all signs of sappnrabion 
have disappeared before excising the shrunken remnants 
of the globe, 

If pus exeapes during excision of an eye with 
panophthalmitis, the globe should be opened freely and 
the contents scooped out. The interior of the aclerotic 
is then awabbed out with perehloride lotion (1 in 2,000) 
mid the conjunctival sac irrigated with a large quantity 
of weaker lotion (1 in 5,000). The sclerotic may then 
bo excised at once, the risk of meningitis being small, 
or exeision may be postponed, 










Syurarauric Orwrnxcai, 


Sympathetic ophthalmia is the much dreaded condition 
in which serious inflammation attacks the sound eye after 
injury of the other eye. In recent years sympathetic 
ophthalmia has become a rare disease, in spite of the 
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fact that ophthalinic surgery has become more con- 
servative. This gratifying fact is due to increased 
skill in the treatment of perforating wounds, particularly 
in the application of antiseptic principles. A perforating 
wound, expecially if a foreign body ix retained within the 
eye, is, however, a souree of great anxiety to-the most 
experienced surgeon. 

Sympathetic ophthalmia is almost always set up by a 
perforating wound, especially by one caused by a foreign 
body which remains within the eye. Wounds in theeciliary 
region—the so-called “dangerous zone"—involying the 
ciliary body and leading to its incarceration in the sear, 
have always been considered specially dangerous; it is 
doubtful if, per se, they are more dangerous than others. 
If supparation supervenes sympathetic ophthalmia is 
unlikely to follow; hence perforating ulcers very rarely 
cause it, Tt ix ulso extremely rare without perforation, 

Children are particularly susceptible, but it oecurs ab 
any age. It usually begins four to eight weeks after the 
injury to the first eye (the exciting eye) has taken place, 
bat the onset may be delayed for many months or even 
Years (as many as 40). 

There is always iridocyclitis im the exciting eye. 
Usually it is a plastic iridocyelitis which has been ect ap 
by injury and has not subsided in the course of three or 
four weeks. Instead of quieting down the ciliary 
injection remains, there is lacrymation and the eye is 
tender: special attention should be directed to the 
presence or absence of precipitates (‘*k.p.") on the back 
of the cornen. In the rarer cases of delayed xympathetic 
opbthalmia the exciting eye has passed into a quiescent 
state. It may have shrunken completely. The onset of 
sympathetic ophthalmia in the second eye is then often 
ushered in by return of irritation—ciliary injection, 
tenderness, &,—in the shranken globe. The exciting 

DB. 29 





450 DISEASES OF THE EYER. 





eye, whilst showing evident traces of old iridocyolitis, 
may yet possess useful vision. 

Sympathetic ophthalmin—tho disease in the second or 
aympathising eye—is almost always a plastic iridoeyelitis, 
Tn rave cases it manifests itself as a nouro-retinitis or 
choroiditis. In cases which the surgeon knows to be | 
liable to the condition the first sign may be the presence: | 
of precipitates (“K.p.") on the back of the cornea, 
noticed at this early stage beeause they have been ) 
dreaded and carefully watched for. Tn other cases the 
patient first seeks advice for defective vision or inflam- 
mation in the uninjured eye (sympathetic irritation). 

Prodromal symptoms are sensitiveness to light and h 
transient indistinctnoss of objects. The latter is due to 
weakness of accommodation; objects become blurred 
when doing fine work, but aftor an interval of rest vision 
improves. On examination at this stage there may be 
Incrymation, slight ciliary injection, tenderness of the 
eyeball, as shown by the patient shrinking from an | 
‘attempt at examination, precipitates on the back of the 
cornen, and vitreous opacities. The prodromal symptoms 
may oceur in intermittent attacks, spread over a con= 
siderable period. 

When fully developed all the signs and symptoms of 
iridocyclitis (9.c.) are present, varying in degree according 
to the severity of the case. The prognosis as to vision 
is always doubtful, but if there is much deposition of 
plinstic exudates in the pupillary area it becomes 
extremely grave. Cases showing little exudation ("serous 
iritis”), but a deep anterior chamber and “k.p.,”" have a 
more favourable prognosis, but they may at any moment 
develop into the severe plastic type. Tension, difficult 
to determine on necount of tenderness, ix moderately 
raised in the early stages. It may then pass into the 
condition of lowered tem with gradual shrinking of 
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the globe: or the iridocyelitis may subside, the eye 
quieting down and retaining fair vision. Tithe worst 
cases a ring synechia forms and secondary glaucoma 
supervenes (vide p, 309), or both occlusxio and seclusio 
pupille or total posterior synechia (ride p. 299) occur 
and the eye shrinks, 

The pathology of sympathetic ophthalmia is unknown. 
The evidence which has accumulated in modern times 
tends to show that it is an infective disease, It ia least 
liable to oceur in otherwise likely casos if the wound or 
the retained foreign body is sterile. On the other hand, 
it very rarely occurs if actual suppuration has taken 
place in the exciting eye; possibly this may be due to 
some epecifie organism being destroyed by the super- 
abundant growth of pyogenic organisms. It is more 
likely to occur from retention of shot, a chip of stone, 
glass, china, &c., than from that of a particle of hot 
steel, probably because the latier is sterile. 

Sterility of an ocular wound is usually judged by a 
satisfactory course of healing and the absence of 
suppuration. It is by no means certain that all such 
wounds are, strictly speaking, sterile. The resistance of 
the patient's tissues has to be taken into account. With 
the same precautions a cataract wound moy heal readily 
in « healthy man, but only after prolonged subacute 
iridoeyelitis in a weakly pationt. In many of these cases 
there are reasons for delayed cicatrisation, such as 
fncareeration of the iris, aynechia of lons capsule, &e., 
but the exact mode in which these act is a matter of 
conjecture. 

Various theories have been brought forward to explain 
the transmission of inflammation from one eye to the 
other. It has been suggested that severe inflammation 
in one eye produces a tendency to ciliary irritation in 
the other eye by some occult means connected with their 
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anatomical and physiological aymmetry: there is no 
evidence to support thia conjecture. More probable, 
priori, is the view that infection travels along the optic” 
nerve vid the chiasma. On this theory one would — 
anticipate nouro-retinitis in the sympathising eye as the 
most frequent manifestation of the disease, bat it is— 
extremely rare. The experiments supporting this 
fail to substantiate it. The most probable theory is that: 
there is a specific organism, which has as yet escaped 
observation, possibly because it is so small as to be 
ultra-visible by the microscope, but one which causes 
general infection through the blood etream, It may be 
conjectured that the organism is harmless to other 
organs of the body, and that it only finds « suitable 
nidus in the other eye, and even then only under 
favourable circumstances. 

The veatment of sympathetic ophthalmia is one of the 
most difficult problems in ophthalmology, and often 
demands the exereise of great judgment. 

It is, in the first place, prophylactic. Tn every case of 
perforating wound, with or without the retention of a 
foreign body, the question of excision of the eye on 
account of danger to its fellow arises. It may be stated 
4s an axiom that sympathetic ophthalmia never occurs 
after the excision of an injured eye unless it has already 
commenced at the time of operation. Hence, early 
excision is a positive safeguard against the disease. Tho 
injury to the eye may, however, be otherwise trivial, 80 
that restoration of good sight may be possible. he rule 
should be to excise any eye which is so injured that it is 
improbable that useful vision will be regained. In casos 
where this is doubtful expectant treatment may be adopted 
for atime. If the eye quiets down quickly it is unlikely 
to set up sympathetic. What, then, are the chief causes 
which keep up irritation? Whe most important are 
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entanglement of the iris or ciliary body or lens capsule 
in the wound, and the presence of a retained foreign 
body. Every effort must therefore be made to free the 
iris or ciliary body from the wound hy excision of any 
prolapse, followed, if necessary, by division of anterior 
synechie. Upon the success of these efforts the retention 
of the eye may depend. If they fail, which is most 
likely to be the case if the lens is also wounded, ciliary 
injection is certain to continue. 

Daring this expectant period the most careful watch is 
kept for “k.p." If the eye continues irritable, with 
ciliary injection, photophobia, and lacrymation, and 
above all if “k.p." appears, the eye should be excised. 
Tt ix seldom wise to wait longer than a fortnight unless 
there are undoubted signs of amelioration. The 
slightest sign of ciliary irritation or “ k.p.” in the other 
eye indicates the necessity for immediate excision of the 
injured eye. (Caro must be taken not to confuse a 
simple conjunctivitis with ciliary irritation.) 

Even more difficult to decide is the treatment in those 
cases in which sympathetic ophthalmia has already 
supervened. If the case is soon early, shortly after the 
onset of inflammation in the sympathising eye, and if 
the injured eye has no useful vision, this eye should be 
excised at once. There is no question that the excision 
of the exciting eye has a good effect upon the process in 
the aympathising eye if performed early, At a later 
stage there is no evidence to show that it exerts any 
influence at all, 

The chief difficulty arises when the exciting eye hus 
useful vision and the inflammation in the sympathising 
tye is severe. If this is the condition soon after the 
injury it may be wise to excise the injured eye. If, 
however, a considerable time has elapsed since the injury, 
excision of the exciting eye is likely to have little or no 
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influence upon the process. Moreover, in the end the 
injured eye may have better vision than the sympathising 
one, for if the iridocyclitis is severe the sympathising eye 
may be lost in spite of all efforts. Under these conditions, 
therefore, the injured eye should be retained. 

‘The treatment of the sympathetic iridocyclitis ix that 
of iridocyclitis in general (vide p, 296). In addition to 
atropin, hot bathings, rest in adark room, loochos, &e., 
the patient should be brought rapidly and thoroughly 
under the influence of mereury. Mercurial inunetions 
shonld be pushed, so that salivation occurs within « 
week, and the putient should then be kept on the border 
line of mereurialisation for a considerable period. Tn 
lator stages pilocarpin injections and the administration 
of iodides may assist in the absorption of exudates, and 
lead to improvement of vision. Perseverance in these 
measures, aided by general tonie treatment, is of the 
utmost importance. 








CHAPTER XXII 


OPERATIONS UPON THE RYKBALL. 


Oprrations vron Tite Conn. 


Paracentesis for hypopyon ulcer has alrendy boon 
described (rite p. 284).  Paracentesis for cyclitis is 
performed in identically the same manner ax in the 
second method there described. 


Orsrations vrox rie Lary. 


Tridectomy, which consists in the excision of a portion 
of the iris, is performed for the following conditions :— 
(1) Prolapsed iris; (2) corneal or lenticular opacities 
{optical iridectomy) ; (3) glaucoma; (4) as a preliminary 
or ns part of cataract extraction; (5) threatening ring 
synechia; (6) ectatic corneal cicatrices; (7) foreign 
bodies in or small cysts or tumours of the iris. 

Tridectomy for prolapsed iris has already been described 
(vile p. 239). 

Optical irideetomy is indicated in some cases of localised 
opacities of the cornea or Jens, very rarely for ocelusion 
of the pupil or subluxation of the lens. Tn all eases 
there must be proof or good reason to believe that the 
light percipient structures are capable of performing their 
functions. If the patient is old enough to have the vision 
tested this should show improvement when the pupil is 
dilated by a mydriatic. The opacities must be localised, 
‘and in the cage of lenticular opacities there must be good 
reazon to assume that they are stationary, 
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An optical iridectomy should be as narrow as | 
in order to avoid dazzling and to obtain an appro 
to stenopei¢ vision (vision through a narrow slit, 

p. 26). It should not extend to the cilinry border, 
‘The sito of cloction is down and in (Fig. 211), but in the 
case of corneal opacities the clearest region of the 
cornea must bo chosen, unless this happens to be above, 
in which case the coloboma would be covered by the 
and useless for vision. 

Instruments required :—Speculum, two pairs of 
fixation forceps, bent heratome, iris forceps, de Weeker's — 
scissors, iris repositor. General 
anesthesia is only necessnry in 
very young or neurotic patients, 

The keratome is inserted at or 
just inside the apparent corneo- | 









scleral margin, the blade being 
kept parallel to the plane of the 
Fin. 211—Dingeum of i7i# Tt is pushed on anti] the 
‘wound ond csloboma incision is sufficiently long, The 
im optical ‘ridestomy handle is then depressed, 60 that 
the blade lies against the back of 
the cornea; the danger of pricking the lens with the 
point is thus reduced to a minimum. The keratome is 
then slowly withdrawn. ‘The iris forceps are inserted 
closed, then opened very slightly and the iris weised 
just outside the pupillary margin. ‘The iris is drawn out 
of the wound and a portion excised with de Weeker's 
scissors, A alit-like coloboma is made by holding the 
scisaore 20 that the blades are in the direction of a 
radius of the iris (Fig. 218.) The iia is freed from the 
wound, unless already free, by the repositor. Sterile 
atropin ointment is introduced into the conjunctival 
sac, and the eye is bandaged. 
Tridectomy for glaucoma has for its object the opening 
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up of a sufficiency of the angle of the anterior chamber 
to permit of efficient filtration of lymph. It is essential, 
therefore, that the coloboma shall extend to the ciliary 
attachment of the iris, and that it shall be broad at the 
periphery. It has already been pointed ont that when 
the iris is torn away the fracture occurs at the thinnest 
part, viz., at the ciliary attachment. This will generally 
happen in iridectomy for acute glaucoma, if the attack 
is the first or early in the history of the disease. In 
chronic glaucoma, however—and the same applies to an 
acate exacerbation oceurring in the course of chranie or 
subacute glancoma—the periphery of the iris is firnly 
adherent to the corneo-sclera. When the iris ix torn 
away the fracture will be at the false angle, and filtration 
of lymph will not be facilitated. The rules usually given 
a3 guidance to the correct performance of iridectomy for 
glaucoma are that the section shall be peripheral and 
the coloboma wide. From the above remarks it will be 
seen that a very peripheral section is not very important 
in trae aeute glaucoma, but that it is of importance 
in ehronie glaucoma. 

In acute glaucoma and in acute exacerbations of the 
ehronie form a general anmwsthetic is required, chiefly 
Decanse the high tonsion prevents sufficient absorption 
of coeain to render the cornea—much less tho irix— 
amesthetic, portly also because the patient's self-control 
has been shattered by pain and anxiety. In chronic 
glaucoma, if the tension is not very high local anssthesia 
may suffice. 

Instruments required :—Speculum, two pairs of fixation 
foreeps, narrow Graefe cataract knife, iris forceps, de 
Weekor's scissors, iris repositor. 

‘The surgeon stands above the patient, using his right 
hand to make the section for the right eye, the left hand 
for the left eye. After the lids have received a final 
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cleansing with ether soap, &c., and the conjunctival ene 
has been douched with boragie lotion or saline, the 
speculum is ineerted. The fixation forceps are held in 
the left hand, the knife in the right, care being taken 
that the back of the knife is away from the surgeon. 
(It is an extremely awkward aceident to introduce the 
knife with the back upwards.) ‘The eye is fixed close to 
the limbus below, or down and in; if the latter, care 
must be taken not to rotate the globe. The knife is held 
with its plane parallel to the plane of the iris. The point 
is introduced ati least 1 mm.—in chronic glaucoma 3 mm. 
—behind the apparent corneo- 
—— scleral margin. It is inserted at 
Y the point corresponding with seven 
minutes to twelve on a clock face 
(Fig. 212). As soon as the point 
is in the anterior chamber it will 
look much brighter than the part 
in the corneo-sclera ; if this is not 
Mig. alae Tingtom of noticeable it is probable that the 
in glaucoma rides knife is badly directed and is 
on burrowing in the cornea. It is 
passed steadily onwards across the anterior chamber to 
4 spot corresponding with seven minutes past twelve on 
the dial of a clock, whore the counter-puncture is made. 
In glaucoma, especially acute glaucoma, the anterior 
chamber is very shallow, so that it may be very diffieult 
to got the knife across without catching in the iria and 
wounding the lens, a moxt disastrous accident. The 
deepest pari of the chamber is at the periphery, and 
it will usually be found easiest to coax the point of the 
knife round the periphery, gently pushing the iris away 
with the back. 
As soon as the counter-puncture is made the knife is 
pushed on until 6 or 6 mm, ore exposed. Cutting out is 
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performed by a series of small sawing movements, little 
pressure opwards being required with the very sharp 
knife. It is very necessary to use these sawing move- 
ments properly, as the sharpest Knife fails to cut if it is 
simply pressed hard agninst a gurfaeo. 

In this manner the section through the corneo-sclora 
ik kept at a uniform distance of 1 or 2 mm. behind 
the apparent corneo-seleral margin. Some conjunctival 
flap has already been eut at the sides, but the middle of 
the knife blade is still under the conjunctiva, The edge 
of the knife is then directed forwands and the conjunctiva 
cut through by one or two sawing movements. 

The eye is now fixed with fixation forceps, jast below 
the cornea, by an assistant, who also draws the eye 
downwards. This requires a little skill. If the eye is 
simply pulled down, the wound will gape. It should be 
rather pushed down and back by the points of the 
fixation forceps. The surgeon takes the iris forceps in 
his left band and de Wecker’s scissors in his right. 
With a sterile swab tho assistant turns down tho con- 
junetival flap so that it lies over the cornea. The points 
of the closed forceps are then inserted in the wound and 
carried to a point half-way between the pupillary and 
ciliary margins of the iris at a point slightly to the right 
of the vertical meridian of the cornea. The foreeps are 
opened slightly, and the iris gripped. The iris is pulled 
out and cut to the right side of the forceps. This stroke 
makes the right limb of the coloboma. ‘The iris is then 
drawn across towards the left. By this movement it is 
torn from its attachment for the whole width of the section. 
It is then drawn a little back towards the right, so that 
it may not be jammed into the left angle of the incision. 
The freed part is then eut off by a second snip of the 
scissors, This stroke makes the left limb of the coloboma. 

The iris repositor is then taken by the surgeon, the 
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eye still being fixed as before. ‘The tip of the repositor 


is introduced into the wound ond insinuated between the 
cornea and the iris on one side. By a radially directed 
movement tho iris is smoothed out towards the contre 
‘of the pupil, so that if the edge of the coloboma is caught 
in the angle of the wound it will be freed. The same 
muanauvre is repeated on the other side of the wound. 
This part of the operation is very important, and may be 
very dificult. Only when the edge of the pupil is in its 
natural position and looks circular but for the small 
defect in the upper part is the surgeon convinced that 
the pillars of the coloboma are free from entanglement 
in the wound, ‘The conjunctival flap is then turned back 
over the wound with the iris repositor, care being tuken 
that it is not folded upon itself, The assistant removes 
the fixation forceps. Any blood clot is carefully removed 
with forceps or a swab, ‘Che surgeon lifts the speculum 
away from the eye, at the same time seizing the upper 
lashes in the middle of the lid, He then lifts the upper 
lid over the wound in such a manner as to preyent the 
lid from displacing the conjunctival flap. 

Both eyes are bandaged. ‘The unoperated eye may be 
uncovered after two days. 

‘The chief complications which may arise during the 
operation are hemorrhage into the anterior chamber (not 
usually serious, but inconvenient); wound of the lens 
(often not discovered until opacity develops); severe 
intraocular hemorrhage, leading sometimes to extrusion 
of the Jens, vitreous, and even retina, &e. 

It may be mentioned that some surgeons use a kera- 
tome in this operation. Some also cut off the iris with 
one snip of the scissors, the blades being directed at right 
anglos to the direction of tho forceps (Fig. 214). It is 
difficult to imagine how this can produce un absolutely 
peripheral coloboma, 
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‘The after-treatment consists in complete rest in bed. 
The eye ix dressed once daily; neither mydriatic nor 
miotic is instilled unless complications supervene. 

The chief complications arising after the operation are 
extrusion of the lens (due to too large « section), injury 
to the eye by the patient (usually during sleep) (ride 
p. 475), severe intraocular hemorrhage, &ce. Delay in 
re-formation of the anterior chamber for several days 
may happen; though undesirable, it may lead to no ill 
effects. The wound may bulge, with or without prolapse 





Fra, 213. Fig. 2. 


F16, 218, iridectomy with blades of De Weeker's scissors held 
adlally ; Fio, 214, with Vaues beld at right angles to the 
previous position. ‘The former method routs in a narrower 


Eoiotoma much aa is preferable in optical iridectouy ama 
atraction of wunllo cataract with ldectomy. = 


of iris or incarceration of the angles of the coloboma in 
the wound. A cystoid cieatrix may result, not alto- 
gether andesirable from the point of view of filtration, 
but liable to arouse iridocyclitis or even infection and 
panophthalmitis, 

Tridotomy ix section of the iris without excision of any 
portion. It is employed for making » new pupil when 
the normal pupil is closed or has been drawn up to the 
wound of a faulty cataract extraction with incarceration 
of the pillars of the coloboma (Fig. 215). It may be a 
necessary preliminary to irklectomy in cases of bombeé tris. 
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Tt is performed with a Graefe knife or with De Weeker’s 
scissors. ‘lhe operation is too technical to be described 
in detail here. ‘The results ane 
generally unsatisfaetory. 


Opkkations DEON THe 
Scrnonu. 





Fig, 215.—Dmwing up of 


the frie after extmction A 
tf caret with inar,  Selerotomy.— Anterior Seloro- 


ceration of the pillars of tomy is performed by some 


oe surjuons instead of iridectomy 


for certain cases of glaucoma. Tt is more frequently 
indicated after iridectomy has been performed and has 
failed permanently to relieve the increased tension. It 
may also be done in buphthalmia, ‘The section is com- 
menced in exactly the came manner as in iridectomy 
for glaucoma, though if an iridectomy has already been 
done it may be advisable to choose some other part of 
the cornen! limbus. The counter-puncture is made in 
the same mannor, but instead of cutting completely out 

a bridge of sclera is left (Pig. 216). 

If the iris presents in either wound 

VA \ it is replaced with the repositor ; 
no part of the is excised. 

‘The object of the operation is to 
open up the filtration angle. ‘The 
section must therefore be as peri- 
pheral as is consistent with the 

wlgrheny) safety of the ciliary body. 

Pouterior Sclevotomy is omployed 
by some surgeons as a preliminary to iridectomy for 
glaucoma, It is especially indicated as a temporary 
meusure for rolieving prossure while preparations are 
being made for the iridectomy. It has the advantage 
of causing the anterior chamber to become deeper, so 
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that the subsequent operation is facilitated. Posterior 
sclerotomy ix also indicated in cases of early detach- 
ment of the retina, the site of operation being chosen 
according to the situation of the detachment. In this 
case it is essential thal the retina shall be perforated. 
‘The operation is sometimes used for extraction of a 
foreign body in the vitreous with the small magnet, 





ras wee rer 
Pig. 217.— Fig. 215.— 
Beer's disci Dincission 





sion ueadlc, uoatie with diseiesion 

with lance —sickloshaped neal with 

shaped point, edge. stop, 

The operation as performed for detachment of the 
retina has already been described (ride p. 390). 





Oprnatioxs vpox THe Laws. 


Discission or Needing of the intuct lens should rarely 
be performed after fifteen years of age; it may be 
employed up to thirty or even thirty-five, but the nuclens 
‘of the lens ix thon likely to give trouble. It ix indicated 
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in most cases of dense lamollar cataract, some cases of 
congenital cataract, and some cases of high myopia. 
Discission ix ned at any age for the division of dense 
secondary cataract (aflor-eataract). 

Needling of the soft lens in young patients usually 
requires a general anesthetic, though it is quite painless 
under cocain. The pupil must be fully dilated with 
atropin, 

Instruments required: speculum, fixation forceps, 
entaract needle (Figs. 217—220). 1 prefer a needle with 
n fairly long cutting edge. HH the lenticular opacity ia 
scarcely visible in diffuse daylight, it is best to perform 
the operation in a darkened room with oblique illumina- 
tion, ‘The surgeon stands 
above the patient. The eon- 


<a 
f ‘ junctival sac having been 
= —) douched and the speculum 








Qa insertal, the eye’ Erntized 
aun down and in with fixation 
Fra.291,— Diagram of disoision forceps held in the left 
=oale hand. ‘The needle is intro~ 
duced just outside the limbus (ig, 221), ie, through 
the conjunctiva and sclero-cornca, in a plane parallel 
to that of the iris, at a point just above the horizontal 
meridian of the cornea. It is carried through the 
anterior chamber until the point reaches the lower 
part of the pupil. ‘The handle ix thon slightly raised, 
80 that the point just perforates the lens capsule. The 
handle is then moved so that if and the point move 
through arcs of circles which have their centre at 
the spot where the shaft is engaged in the corneo- 
sclera. Having thus made a curved, more or less 
vertical incision in the capsule, a second incision is made 
at right angles to it. This is done by very slightly 
withdrawing the needle 90 a8 to disengage it, It is then 
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passed farther on towards the left side of the pupil. The 
handle is again slightly raised, and at the same time 
rotated, 80 that the cutting edge is brought in contact 
with the capsule, As the needle is slowly withdrawn a 
straight incision is made in it in a horizontal direction. 
When this is sufficiently large the handle is depressed. 
The needle is rotated #0 that the plane of the blade faces 
upwards, and the needle is quickly withdrawn from the 
oye. By withdrawing it quickly no aqueous ehould be 
lost. If much aqueous is lost anterior aynechia may 
result, Sterile atropin ointment is introduced into the 
conjunctival sac, and both eyes are bandaged. 

‘The most important point about after-treatment is 
keeping the pupil well dilated. This is done by atropin 
ointment three or four times a day. There is always 
some ciliary reaction, The amount of swelling of the 
lens fibres depends upon the size of the incisions in the 
capsule, but also seems to vary with different lenses. If 
it is particularly desired to avoid the necessity of a 
subsequent curette evacuation the incisions should be 
quite small in the first operation, If it is intended to 
perform s curette evacuation (ride p. 467) the incisions 
may be as large as possible, and the needle may even be 
introduced moderately deeply into the lens and the fibres 
broken up. In these cases, and occasionally when it ix 
not anticipated, there is great swelling of the lens; the 
anterior chamber becomes filled with floceulent masses ; 
there is intense ciliary injection, accompanied by naised 
tension and pain. The tension must be relieved at once, 
or the sight will be seriously damaged by secondary 
glancoma. A curette evacuation is then done (ride p. 467). 
In cases in which no curette evacuation is performed a 
second and third needling will usually be neceasury before 
4 clear opening is obtained. Intervals of several weoks 
or even months may olapse until the absorption set np 
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by the previons operation is complete. ‘The final 
needling will be of the type of a discission for secondary 
cataract. 

Discission of Secondary Cataract (atter-catarnet) is 
performed in exactly the same manner as discission of 
the soft lens if the after-cataract is not too dense to be 
divided by a single needle. Some surgeons advise 
needling every case of senile extraction as soon as the 
eye has quieted down, i., in a fortnight or thrae weeks = 
the capsule is then soft and easily divided. 

If the capsule is dense and thickened two needles 
must be used, so that no undue strain may be thrown 





iG, 222.—Dingram of discission with two needles. ‘The needles 
hare been inserted, but not yet rotaial, 


upon the ciliary body, and in order to prevent the 
membrane tearing away from the ciliary body instead 
of boing torn in the centre. ‘he same instruments are 
required together with an extra needle. ‘The needles 
may be “stop” noodlos, though this should not be 
necessary. ‘The eye is fixed by an assistant, The 
needles are introduced with the flat surfaces upwards 
through the cornea at opposite sides of it in the 
horizontal meridian, 8 or 4 mim. internal to the apparent 
margin (Fig. 222). 'The needles are then rotated through 
aright augle, so that the cutting edges are applied to the 
membrane. They are passed through the centre of the 
membrane close to each other. The handles are then 
simultaneously raised, so that each needle rotates 
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around the spot on the shaft which is engaged in the 
cornea. In this manner the points are drawn apart, 
and the membrane is cut. A further attempt may be 
made to tear it in the direction at right angles. The 
needles are rotated so that the Hat surfaces are again 
upwards, and are withdrawn quickly so that aqueous 
may not he lost. Atropin is instilled, and the eyo is 
bandaged. There is seldom much reaction, unless the 
previous operation hax boen faulty; in such cases the 
additional irritation may precipitate an attack of 
sympathetic ophthalmia, 

Tt may be mentioned that needling operations are by 
no means so simple as they appear in the hands of an 
experienced operator. Every movement of the needle 
must be made round the spot where the shaft penetrates 
the globe. 

Curette Evacuation or Linoar Extraction is the 
operation whereby after disciasion, whether necidental 
(traumatic cataract) or intentional, the softened Jens 
matter is let out of the anterior chamber. 

Instruments required: speculum, fixation forceps, 
bent keratome, curette (Fig. 224), iris repositor. Local 
anwsthesia suffices, except in the case of children or 
unruly patients, 

The pupil must be fully dilated with atropin. The 
position of the section is of little importance; some 
surgeons place it above, where it is under the upper lid, 
others below. ‘The surgeon stands accordingly cither 
above or at the side of the patient. 

‘The conjunetival sac having been douched and the 
speculum inserted, the eye is fixed with fixation forceps. 
The keratome is passed through the cornea, 1 mm. 
internal to the apparent margin (ef. wound in Fig. 211), 
with the blade parallel to the plane of the iris. It is 
pushed on until the incision ix about 5 mm. long. The 

30—2 








468 DISEASES OF THE BYE. 


point may be dipped so as to pass into the lens without: 
disadvantage, and the incision may be increased as the 
keratome is being slowly withdrawn by extending each 
angle, using the two edges of the keratome like knives. 
‘The tip of the curette is then gently insinuated just 
within the edges of the wound, not quite into the anterior 
chamber. Slight pressure is exerted upon the peripheral 
lip, and the soft lons matter travels along the groove of 
the cnrette. No attempt should be made to remove the 
whole of the lens matter, on account of danger of raptare 
of the suspensory ligament and escape of vitreous. The 
remnants of lens matter will be absorbed. There is no 
probability of the iris prolapsing or becoming incarcerated 
in the wound if it is properly dilated, but the repositor 
should be at hand in case this accident occur, Sterilised 
atropin ointment ix inserted, and both eyes are bandaged. 

Usually the ciliary irritation is greatly benefited by 
the operation. The greatest care must be exercised as 
to surgical cleanliness, for most of the accidents from 
infection in treating soft cataract occur, not from needling, 
but from curette evacuation. Anterior synechia of iris 
or capaule, iridocyclitis, or sympathotic ophthalmia may 
oceur, but are happily rare. 

Some surgeons oxtract soft cataracts by the linear 
method without previous discission. This mode of 
treatment ist not advocated. 

Extraction of senile cataract and of lenses containing 
a hard nucleus may be performed with or without 
iridectomy. The latter method should only be adopted 
in rare cases, ‘The iridectomy is performed by some 
surgeons six weeks or more before extraction. 1 advise 
this method only in ensos of immature cataract (vide 
p, 888), and in cases where it is necessary to operate, 
though there is some doubt as to the sterility of the con- 
junctiva, &c,, in spite of thoroagh preliminary treatment, 
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Infection is likely to be more under control after iridec- 
tomy than after extraction, and the behaviour of the eye 
in the first operation is a guide to its probable behaviour 
after extraction. 

In every case of cataract, before operating the condition 


rowsire Varese 

Fia, 228. —Grsefe eatarnot knife. Fra. 24 — 

A slightly Deosder Knife is tome (Moor- 
sed in cataract extraction fields’ pattern) 
‘than in slaucomm Lrideetonuy 5 aud curette. 
it has the advantage of being (These shoul 
less resilient. Tho knives ese net be nt the 

F giauoomn iridestormy Aro tyro ends of the 
Fenerallyregrouadcatarct same instro. 

Ives. menty 


of the patient's conjunctiva and lacrymal apparatus is 
thoroughly investigated. [f there is any regurgitation 
of tears, mucus,or pus on pressure over the lacrymal sac, 
the condition must be cared (cide p. 616) before opera- 
tion, If thore is any conjunctivitis, it must be treated 
and cured, as shown by the absence of pathogonic 
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organisms on bacteriological examination, 


OF THE RYE. 


Some of 


these cases are very troublesome (vide supra); in caso 





Fra. 92 





—Maunoir's angolne 
ile scissor 





of doubt, the patency of 
the nasal duet should be 
demonstrated by syringing. 
The usual preparation of 
the patient—bath, purga- 
tive, &e—is made as for 
any major operation, The 
lids are cleansed with ether 
soap on the previons night. 
A clean pad is placed on 
the eye, and a bandage is 
applied. ‘This is kept on 
until the pationt is brought 
to the operating room, The 
pad is thon removed and 
submitted to the inspection 
of the surgeon. If there ix 
y lent or pur 
ulent discharge on the pad, 
the operation must be post- 
poned, and the cause in- 
ignated and removed, 
Cataract Extraction with 





muco-po 





Local anws- 
thesia suftices, unless the 
patient has lack of self. 
control. Sterile 2 per cent. 


Tridectomy, 


solution of eocain is ine 
stilled into the eye three 


limes at intervals of five minutes, the eyelids being 


kept closed betwes 





1 the applications of the drops. At 


the last instillation a drop is also instilled into the 


other eye. 


his ia necessary, since, if fluid happens to 
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drop off the instruments inte this eye during the opora- 
tion, the patient is liable to squeeze the lids together 
reflexly, unless the eye is cocainised. The sargeon 
stands above the pationt, making the section with hia 
right hand on the right eye, and with his left band on 
the left eye. (Some surgeons stand below and at the 


side for the left eye, and cut away from 
themselves, using the right hand). 

Instruments required: speculum, two 
Pairs of fixation forceps, Graefe cataract 
knife (Fig. 223), bent iris forceps, de 
Weeker's scissors, cystotome (Fig, 224), 
eurette (Fig. 224), iris repositor, [probe- 
pointed bent scinsors (Maunoir’s) (Fig. 225), 
lens spoon (Fig. 226)). The instraments 
in brackets aro not required for uncompli- 
cated extraction, but must always be ready. 

The following description applies to 
operation upon the right eye. 

‘The conjunctival sac having been douched 
and the speculum inserted, the patient is 
told to look towards his foot, and the eye 
is fixed with fixation forceps applied just 
outside the limbus directly downwards or 
down and in below the horizontal meridian 
of thecornea. The point of the Gnufe knife 


Prous mine 
Fic. 2%. — 
Critebett's 
Teas s00, 


is inserted in the apparent corneo-seleral margin at point 
corresponding with ten or twelve minutes to twelve on the 
dial of a clock (Fig. 227). Et is passed across the anterior 
chamber to the corresponding spot on the opposite side, 
ten or twelve minutes past twelve respectively. The knife 
is made to cat out in exactly the same manner as in 
iridectomy for glaucoma (q.x.), but following the corneo- 
seloral margin. A conjunctival flap should be made as in 
that operation, but it will be narrower at the sides, since the 


hi 
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section ix farther forwards. It may be made slightly 
brondor above by carrying the conjunctival incision a 
little upwards after the cornco-vclora has been divided 
before turning the knife to cut directly forwards, 

The fixation forceps are then removed. If the patient 
is unsteady, they are handed over to an assistant, who 
appliow them below the cornea and maintains fixation. Tf 
the patient is submissive, he is simply told to keep looking 
towards his foot all the time, He ix warned that he may 
foe! « little pain during the next stage, bub that he must 
koop still, or the operation may be unsuccessfal, 


F1G. 227.—Dingram of Fie, 298 —Diagram of 
‘wound in extraction coloboma in cataract 
of denilo catarnct, extraction with ii: 

dectomy. 


The iris forceps are taken in the left hand and the 
do Wooker’s scissors in the right (irrespective of the eye 
Which ix being operated upon). The conjunctival flap is 
turned down ovor the cornea by means of a swab. The 
closed points of the forceps are inserted at the centre of 
the wound and passed straight downwards to just above 
tho papillary margin of the iris, The blades are 
oponed slightly, and the iris seized and drawn out of the 
wound, Tho piece of iris grasped is cat off with one 
snip of the de Weoker's scissors, the blades of which 
ore held radially to the iris, ie, with the points directed 
upwants (Fig, 218), 

The pationt still looking towards his feet, the eystotome 
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is introduced with the cutting edge directed towards the 
left and slightly upwards. It is passed on until the 
point is near the lowest part of the pupillary margin. 
The cutting edge is then directed backwards, the handle 
tly raised, and the lens capsule is incised 
vertically os the instrament is slowly withdrawn, 

The cystotome is then taken in the left hand, and 
the curette in the right. The back of the curotte is 
placed horizontally upon the lower part of the cornea 
(from about twenty minutes to twelve to about twenty 
minutes past twelve). Gentle but firm pressure is made 
upon the cornea in a direction backwards and slightly 
upwards. This causes the nucleus of the lens to be 
tilted so that the upper edge appears presenting in the 
wound. The lens nucleus is coaxed out of the wound by 
repeating the pressure with the carette, but more and 
more in an upward direction. Meanwhile the lens may 
be gently helped out by the cystotome in the left hand. 
As soon as the diameter of the nucleus has passed 
through the wound, pressure upon the cornea is imme- 
diately relaxed. ‘The nucleus is directed down over the 
cornea into the carette. 

If there is much clear soft lons matter, this is coaxed 
out of the wound by gently repeating the stroking move- 
ments with the curette on the cornea, Too mach 
pressure must not be exerted. Any soft matter pro- 
truding from the wound is removed with the curetie. 

The iris repositor is now used to free the iris feom the 
angles of the wound, exactly as in the operation of 
iridectomy (q.r.). In addition, it is swept over the 
whole line of the wound, 80 as to push back into the 
anterior chamber any tags of capsule which may be 
presenting. These are so transparent as to be invisible, 
and it is extremely important that they should not 
become incarcerated in the wound. 
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‘The conjunctival fiap is then turned back into its 
natural position by the repositor, care being taken that 
it is not doubled up. 

‘The removal of the speculam and closure of the lids 
is carried out as in iridectomy (qr). Both eyes are 
bandaged, and the patient is put to bed without altering 
his recumbent postare. (It is a good plan to operate 
with the patient upon a suitable bed, so that it is 
unnecessary to move him) 

Remarks upon the operation.—The size of the section 
depends upon the probable size of the nucleus of the 
lens. It must be remembered that the cortex is soft and 
broken up; the width of the incision must be as large or 
slightly larger than the diameter of the nucleus. In black 
cataract the whole lens is sclerosed, so that a very large 
section must be made; in these cases it should involve 
half the circumference of the cornea. More harm is done 
by bruising the edges of the wound than by having a 
wound which is unnecessarily large. If the nncloas does 
not come forward thro the wound with moderate 
pressure of the curette it is probably becanse the section 
is too small. The wound should then be enlarged with 
the probe-pointed bent seissors (Fig. 225). The probe- 
point of one blade is inserted between the iris and cornea 
at one angle of the wound, which is then extended bys 
single snip. ‘The same muanauvre may be repeated at 
the other angle. 

The iris is more easily cut off by holding the 
de Wecker’s scissors at right angles to the direction of 
the forceps, i., horizontally (Fig. 214), This makes 
8 larger coloboma, which is unnecessary and has some 
disadvantages. 

The capsule is divided in all sarts of different diree- 
tions by different operators. Probably the most satisfae- 
tory is a circumferential incision just inside and parallel 
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with the wound. It is less easy to do than the method 
recommended. The other methods have no advantage. 


eZ > 


Fup, 229—Diagram of Moorfields’ catarset ban Tho 
eamicircalar opening is for the bridge of the now, npper 
and lower tapes are passed above and below the ears. 
long single tpes pass tebind the head and are brought 
forward and tied over a pad af wool placed at the upper part 
of the tundage over the forelwead, 

Some surgeons remove the anterior capsule by capsule 
forceps (Fig. 124). This has very decided advantages, 
but it also has its own special dangers. 

‘The dressings should consist of two large round pads 
of sterilised yauze covered by similur pads of sterilised 
cotton wool. ‘They are kept im position firmly, but 
without undue pressure, by a cataract bandage. Of 
the many types of the latter the Moorfields’ pattern 
(Fig. 229) is probably the 
best. With aged or unruly 
pationts a wire or “cartella” 
shield (Fig. 290) should be 
placed over the dressing. 

It ia impossible to diseuss 
here the accidents which 
may arise daring cataract 
extraction. It may be 
necessary to remove the fe 
lens with a spoon; hence for right eye. 
the importance of having 
it ready, ‘This necessity usually arises from prolapse or 
escape of vitreous at an early stage of the operation. 

After-treatment.—The patient lies quietly apen his 
Dack. He is directed to avoid all straining. A sneexo 
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may be inhibited by pressure with the finger on the 
upper lip close to the septum of the nose. Al patients 
should have their hands loosely tied to the bed at night, 
so that they are unable to touch the eyes. Many eyes 
are lost from neglect of this precaution, for patients 
often knock or rub their eyes when they are half 
asleep, 

‘The food must be fluid during the first few days; no 
aperient is given for three or four days, 

On the day following the operation the bandage is 
removed, the lids are bathed with warm boracie lotion, 
gently separated, and a drop of sterile 1 per cent. atropin 
solution instilled. The wound may be inspected, but 
should not be disturbed more than is absolutely 
necessary. 

On the second day it is examined more thoroughly. 
The pupil should be round and well dilated. Another 
drop of atropin is instilled. If che pupil is nob well 
dilated on the third day thers is probably some 
trace of iritis, and the atropin should be instilled more 
frequently, and it may be advisable to resort to 
hot bathings. In most cases there is no. iritis, and 
after a transient ciliary injection the eye quiets down, 
#0 that it is almost free from injection in a week or 
ton days. 

‘On the fonrth or fifth day the unoperated eye may be 
loft unbandaged. If both eyes aro kept bandaged too 
long old people often become delirious. On the slightest 
sign of wandering in speech the anoperated eye should 
tt uncowwred al onoo, 

It ix wise to koop healthy patients in bed for a week. 
Most cataract patients, however, are old, and extremely 
Hable to hypostatio congestion of the lungs. Such patients 
shoukt be propped up in bed on the third or fourth day, 
and allowed to sit ap ont of bed soon after, A light 


Pos 
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dressing is kept on for ten days or a fortnight ; afterwards 
amoked glasses are worn until cataract glasses can be 
ordered, i.¢., in about six 
weeks. It is very important 
that smoked glasses should 
be worn continually, other- 
wise the patient is quite 
likely to develop red vision 
or erythropsia. 

The chief complications 
arising after cataract ex- 
traction are striate “ kera- 
titis,"” incarceration of the 
iris in the angles of the 
wound, iritis, iridocyclitis, 
sympathetic  ophthalmia, 
secondary glaucoma, intra- 
ocular hemorrhage, infec- 
tion of the wound, panoph- 
thalmitis, &c. These 
subjects are referred to 
under their respective 
headings. 














Excision oy THe Evenani. 


A general anmsthetie is 
required. ‘The operation 
can be performed almost 
painlessly under oucain or 
eocain, and this method is 
sometimes advisable in old 
péople with diseased arteries, or in 
disease. 

Instruments required : speculum, two pairs of fixation 
forceps, tenotomy scissors Fig. 231), strabismus hook 


ie a 





Fri cia 
Fi. 231-—Tenotomy seimor. 


nts with heart 
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(Fig. 282), blunt-pointed seissors—straight or curved 
on the fut (Fig. 283), 

‘The surgeon stands above the pationt. 

‘The conjunctival sac having been douched and the 

speculum inserted, the surgeon seizes the conjunctiva just 
outside the limbus at the highest part of the cornea, ‘The 
conjunctiva is incised here with the teno- 
tomy scissors. ‘The point of one blade of 
the scissors is passed under the conjune- 
tiva and pushed on as far as possible 
round the cornea. By carrying the point 
out under the looser bulbar conjunctiva 
it may be taken a third of the distance 
round the circumference, ‘The edge is 
then brought close up to the limbus 
before the conjunctiva is divided. Still 
fixing the eye in the same position the 
mincavre ix repeated on the other side 
ea. Finally, the portion below 
non is divided. ‘lhe conjunctiva 
should be divided completely round the 
cornea, and close to it in three or four 
cute. 
- The peripheral edge of the cut con- 
Mie. 232 Sire —_junctiva is then taken up by the foreeps, 
flat Moorftelds’ and the bulbar conjunctiva is separated 
ae from the globe as far back as the equator 
in all directions by a series of small snips, the blades 
of the scissors being kept flat in close contact with 
the eyeball. In this manner the capsule of ‘Tenon is 
simultaneously opened. 

The tenotomy hook is then taken in the left hand, the 
xetssors being retained in tho right. The recti muscles 
are taken ap one by one and divided close to the globe. 
It is well to begin with the superior rectus, since it is the 
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most difficult to get at, expecially if the other recti have 


been previously divided. 
passing the hook farther 
back and carrying it round 
close to the globe. 

The speculum is then 
taken and held widely open 
and preseed back into the 
orbit. If the muscles have 
been properly divided the 
globe springs forwards be- 
tween the blades of the 
speculum. The other pair 
of seissors is now taken in 
the right hand. ‘The globe 
is seized with the fingers of 
the left hand. The points 
of the closed scissors are 
passed into the orbit—to 
the outer side of the eye 
on the right side, to the 
inner on the left, The 
optic nerve is felt for with 
the closed scissora: it is 
easily recognised, ‘The 
scissors are withdrawn a 
short distance, opened, and 
the blades pushed down, 
one on each side of the 
nerve, which is then 
divided. Tho sensation of 
dividing the nerve is un- 
mistakable. The eyeball 


The obliques are found by 








ING, 233.—Kxxcision ecleeors, 


ean then be freely drawn forwards. There are probably 
some remnants of the obliques still attached to the globe. 
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These are divided close to the eye. The bleeding ia pro- 
fuse for a moment, but may be controlled by a little 
pressure with a pad of cotton wool, The edges of the 
conjunctiva are then pulled together with the fixation 
forcops, the lids are closed, and the dressing is applied. 
‘The latter should consist of a small spherical pad of 
cotton wool, then a round flat pad of sterilised or cyanide 
gauze, then a thick round pad of sterilised wool. ‘The 
bangage is applied with firm pressure. ‘The patient ix 
kept in bed for one or two days. 

Tf the globe is perforated and collapsed excision is 
more difficult. ‘lhe eyeball should be held forward with 
lorge strong vulsellum forceps. In children also excision 
is difficult, ‘The orbit is small in proportion to the size 
of the globe. Here the manauvre with the speculam 
to dislocate the ball forwards is often unsucceasful, and 
strong pressure may burst the eye. Tt is best levered 
ont with the points of the excision scissors. 

It is very easy to cut the sclera instead of the nerve, 
especially with curved excision scissors. I always prefer 
straight scissors; indeed, straight instruments should 
always be used in preference to curved whenever it is 
possible, because it is much easier to judge the position 
of the point. Straight scissors are particularly indicated 
when the nerve has to be cut long, as in excision for 
glioma retin and sarcoma of the choroid. Special 
precautions must be taken in excision for panophthal- 
mitia (vide p. 448). 

Evisceration of the eyeball is recommended only in 
some casos of panophthalmitis (q.v.). Some surgeons 
use it in anterior staphyloma and other conditions. 
Although the stamp affords a good foundation for an 
artificial eye, the operation is not to be recommended 
in these casos: it hax been followed by sympathetic 
ophthalinia. 
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Tiyisceration with insertion of an artificial vitreous— 
Mules’s operation—ix even more objectionable on theo- 
retical grounds, but is still performed by many surgeons. 
In this operation a glass sphere is inserted inside the 
sclerotic, which is stitched over it. The globe must be 
much smaller than the normal vitreous chamber. There 
is very severe chemosis and pain after the operation, 
and the glass globe may be extruded. Sympathetic 
ophthalmia has followed this procedure, 

Excision, with the introduction of a glass globe in Tenon's 
capaule, is much less objectionable than Mules's opera- 
tion. In carefully selected cases it is a good method, 
and affords admirable support to an artificial eye. The 
eye ix much more movable than after simple excision, so 
that the simulation of a real eye is more exact. Care 
must be taken during the excision to keep close ta the 
eyeball and to injure Tenon’s capsule as litle as possible. 
The recti muscles are drawn together over the small 
glass globe by a buried purse-string suture. The con- 
junctiva is sutured by a superficial purse-string suture. 
There is some inflammatory reaction, with chemosis, but 
much less than after Mulos’s operation, and little or no 
pain, If the operation has not been well performed, the 
globe may slip into the orbit, becoming loose, usually 
benoath the lower lid. If this occurs it must be removed 
and the case treated as an ordinary excision. 

An artificial eye should not be worn less than six weeks 
after excision. A small eye is first worn for an hour or 
two a day until the conjunctiva becomes used to the 
forgign body. Bight or nine weeks after the operation 
a fall sized eye may be worn. It is taken out at night, 
carefully washed, and kept in water. If it becomes in 
the slightest degree rough at the edges it must be dis- 
carded at once. ‘his usually occurs from chemical 
action of the secretion upon the enamel in about o year, 
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80 that in any case a new eye should be obtained every 
year. Various types of artificial eye are made. Snellen's 
“reform” eye gives a better cosmetic effect after the 
ordinary excision than the old shell, which may be used 
when there is good support, as after insertion of a globe 
in Tenon’s capsule. ‘I'he methods of insertion and 
removal of the artificial eye should be learnt by every 
surgeon by seeing it dono. 

Contracted Socket ig the result of a faulty excision, 
cellulitis in the orbital tissues, or the continued wearing 
of a rough artificial eye. The firat two ewuses lead to 
the formation of dense cicatricial bands across the socket, 
rendering the wearing of a prothesis impossible. The 
last cause usually results in obliteration of the lower 
fornix, so that the eye cannot be kept in place. 

Contracted sockets are difficult to remedy. It is easy 
to divide the bands and make a new groove to hold the 
eye in position, but unless the wounds become covered 
with epithelium the edges heal together and no improve- 
ment is produced. It is therefore necessary to perform 
some plastie operation, whereby the wounds made are 
covered with an epithelial graft or skin flap. Often 
grafting the wonnd with a Tiersch graft, mucons mem- 
brane from the mouth of the frog, mucous membrane 
from the lip, &., may suffice. In other eases larger 
skin flaps are necessary. Each case must be dealt with 
according to the exact conditions. 














SECTION IV, 
ERRORS OF REFRACTION AND 
ANOMALIES OF ACCOMMODATION, 





CHAPTER XXII. 
RETINOBOOPY. 


(Before reading this section the student should revise 
his knowledge of the optical conditions of the eye and 
the methods of testing visual acuity by again reading 
chapters iii., iv., vii., and ix.) 

I has already been pointed out that the condition of 
the refraction of an eye can be estimated in various 
manners. The systematic examination of the visual 
acuity will in most cases indicate the absence or the 
nature of any error of refraction. The examination with 
the mirror at a distance of 1 metre also indicates the 
refractive condition by the visibility of retinal vessels and 
the direction of parallactic displacement ; as will be shown 
below, this method may be made to give vory accurate 
estimation of the exact refraction, The indirect method 
‘also indicates the refractive condition by the apparent 
change in size of the dise when the large lens is moved 
away from the eye. By the direct method the condition 
of the refraction can be accurately measured if the 
surgeon has acquired the ability completely to relax his 
accommodation. 

3l—2 
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Retinoscopy, or, more correctly, skiascopy or the shadow 
test, is the most accurate means at oar disposal of 
estimating the condition of the refraction objectively, 
It depends upon the fuct, first pointed out by Bowman, 
that when light is reflected from a mirror into the eye 
the direction in which the light travels across the pupil 
varies with the condition of refraction of the eye. If the 
light is thrown into a myopic oye from a concave mirror 
at a distance of one metre the light, or what is easier to 


% 





Fre, 234 —Dingraze of retinoseopy with a concare mires, 0}. the 
observed exe; Op the observers eyo The image of the a ot 
it Lis forseed at fy (the immediate source oy the alrroe, 


Ed 


©; hypermetropiem virtual eange of fe ov the Hie fm 
paming tirough the nodal point eras at Ay. 160, is mpople m 
Enewrtedl image is formed a4 at a, If the mirror & tilted downwards, 
as shown by the dotted Line, i; moves to fy My to Ay aud my 00 mp 
This shows tbat the shulow mores in opposite directions in hyperwe 
tropia and myopia 


observe, the shadow, moves across the pupil when the 
mirror is slowly tilted in the same direction as that in 
which the mirror is moved (Fig. 234). If « plane mirror 
is used, the other conditions remaining the same, the 
shadow will be seen to move in the opposite direction 
to the movement of the mirror. If the eye is hyper. 
metropic the direction in which the shadow moves is 
the opposite of that with the myopic eye. If the eye ix 
emmetropic or has only a very low degree of myopia no 
shadow will be visible; the pupil will be either completely 
illuminated or completely dark. 


> 
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The light seon in the pupil ix the blurred image of the 
iMluminated area of the fundus as seen hy the observer 
when he accommodates for the observed pupil. The 
shadow is merely the image of the edge of the 
illuminated area, 

Imagine a point of light in front of an eye, the pupil 
being dilated and the accommodation paralysed by 
atropin (Fig. 285). The divergent rays which enter the 
eye are made convergent by the refractive media, so 
that a circular area of the fundus, varying in size accord. 
ing to the refraction of the eye, is illuminated. If the 
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Fig, 235,—Showtng the course of incident rays and fleld of (amination 
‘of the fundus ln hypermetropia, 2; forms a virtual image at Ay, fo at Ap 
‘The field of iitumination is detormined by the pupil of O,, 


point of light moves upwards, the light on the retina 
will move downwards. 

Now consider the rays of light which aro reflected 
from the illuminated area. In the hypermetropic eye 
they will be divergent, as if they came from a point 
behind the eye. This far point, corresponding with the 
illuminated area, will move in the same direction, é¢., 
downwards. Now imagine an observer, placed in front 
‘of the eye to look towards a point of light situated at 
the position of the far point, but to accommodate for 
the position of the observed pupil. He will see a circle 
‘of light with a blurred margin, not a point, because he 
is not accommodating accurately for the far point, When 
the illumination on the retina moves down the circle of 


of 





Fic TBA Showing the comme of teestent rage a myopia. 


whore ap, ic, in the opposite direction te the mevement 
in the case of the hypermetropse eye icf Pig. 237). 

Now suppow that the observer's nye is one metre in 
front of the observed eye. and that the latter kas 1D of 
myopia. In this case the far print of the observed epe 
‘Will be st the situation of the observer's eye, sey at the 
level of bis papal (Fig. 237). In this case a very alight 
meovwmect af the bight on the cbcerved funda: will throw 
athe image at the Ger port off the obcerver’s ene 
siogetber. In other word, the obarved papal will 
appear to he completely beach oc cumpirtety dark. 

TL again the observed eve is exumeetropic, ite Sar poist 
wil be at intr. We may regard it as beims mnietelly 
far behind the cbermnd erm Here again shore wall be 
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searooly any shadow, though in reality there is a very 
faint shadow moving in the same direction as for the 
hypermetropie eye. 

The above is a simple explanation of the theory of 
retinoseapy, The question of the type of mirror is an 
entirely subsidiary one. It merely has to do with the 
direction of movement of the immediate souree of light, 
ie., the point of light in front of the eye which has been 
considered above. ‘The image of a real light behind the 
patient's head, formed by a concave mirror, is situated in 
front of the mirror. If the mirror is tilted up, the 
image moves up. Tbe image of a real light behind the 








iw, 237 —Showing the course of the emergent myx at the point of 
reversal, So lone as Ay is in the pupillary area of Op the pupil of Oy 
appears uniformly (uminated, and there is no shadow —Direwtly Ay 
Petes fos the whole of the Light is ent off, x0 that the pupil of Oy 
comes eirapletely dark. 





patient's head, formed by a plane mirror, is situated as 
far behind the mirror as the light is in front of it. When 
the mirror is tilted up, the image moves down. 

Hence under the actual conditions of retinoseopy with 
# plane mirror, when the mirror is tilted to the right the 
immedints source of light moves to the left, and— 

(a) In the hypermetropic eye, the circle of light on 
the fundus moves to the right, and the shadow seen in 
the pupil moves to the right; 

(6) In the myopic eye (above —1 D) the circle of light 
on the fundus moves to the right, and the shadow seen 
in the pupil moves to the lett; 

(e) In the myopic eye of — 1 D there is no shadow ; 
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(d) In emmotropia and myopin of less than — 1D 
there is a yery faint shadow moving to the right. 

Stated as a mere guide to practice, with the plane 
mirror the shadow moves in the same direetion as the 
mirror in hypermetropia and in the opposite direction in 
myopia above one dioptre; in myopia of one dioptre 
there is no shadow, and in emmetropia and myopia of 
loss than one dioptre there is a very faint shadow 
moving in the same direetion as the mirror. 

Tn actual retinascopy the whole of the image of the 
illuminated area of fundus cannot be seen at onee: the 
shadow is part of the circumference, In high degrees of 
ametropia the shadow has a distinctly curved border, it 
is very dark, and it moves very slowly. In low degrees 
of ametropia the border of the shadow looks straight; it 
is faint, and it moves very rapidly. 

The movement of the shadow, being purely optieal 
phonomenon, is of course independent of the cause of the 
ametropia. Consequently in astigmatiam, if one axis is 
hypermetropic and the other myopic (mixed astigmatism) 
the shadow moves in opposite directions in the two 
meridians. ‘These variations produce very puazling 
shadows in many cases. 

Retinoscopy is applied to the estimation of refraction 
by placing correcting lenses in front of the eye and 
noticing the effect upon the shadow. When the shadow 
has completely disappeared we know that the eye has 
been made myopic 1 D if the surgoon is at one metre 
from the patient. 

Retinoscopy is conducted in a dark room. ‘The light 
is placed behind and above the patient's head, The 
surgeon sits at one metre from the patient. The patient 
wears a trial frame; the eye not under observation is 
eovernd by 4 screen. A mydriatic should be used by all 
but skilled observers, and is necessary to them in many 
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eases. A plane mirror should be used. The patient 
looks at the observer's forehead. 

‘The light is reflected into the eye, and the mirror is 
slowly tilted from one side to the other. The direction 
in which the shadow moves is noted. The horizontal 
meridian should be observed first, then the vertical. If 
the shadow appears to swirl round, not moving in the 
same meridian as the mirror, the eye is astigmatic, and 
the mirror is not moving in a direction which corresponds 
with either axis. A direction of movement can then be 
found in which the shadow will move either directly with 
or against the mirror; thie is one of the principal axes 
of the astigmatism. ‘Ihe other axis is at right angles 
(regular astigmatism). 

If the shadow moves with the mirror a low convex 
glass'is put in the frame in front of the eye. If the 
shadow still moves in the same direction a stronger 
convex glass is used, and so on until no shadow ean be 
seen. A still stronger convex glass is placed in the 
frame. The shadow now probably moves against the 
mirror. We now know that the refraction has been 
over-corrected, ‘The point at which there is absolutely 
no shadow—the point of reversal—is somewhere between 
the last two lenses, and we know that at that point the 
refraction of the eye plus the lens is equivalent to one 
dioptro of myopia, If, for example, the shadow can 
still be seen to move with the mirror with + 4D lens in 
the frame, and moves against it with + 6 D, we shall 
not be far wrong in considering that the point of 
reversal is + 45 D. A + 4°5 lens would therefore 
make the eye one dioptre myopic. The actual refrae- 
tion is therefore + 36 D. If there is no astigmatism 
the patient ought to be able to read 6/6 with this lens, 
If he is under atropin a further correction must be 
mai before glasses are ordered. Atropin nob only 
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paralyses the ciliary muscle, but also inhibits the physio- 
logical tone of the muscle, ‘This is found by experience 
to be equivalent to about 1 D of accommodation. Henee 
the glass which should be ordered to correct the distant 
vision aftor the mydriatic has passed off is 4+- 25 D. 

Similarly for spherical myopia, Supposing — 4D 
eliminates the shadow against the mirror and — 4’ D 
gives a distinct shadow with the mirror, we know that 
— 425 D will leave the eye with still —1D. Hence 
the refraetion under atropin is — 525 D. The eorree- 
tion for atropin gives — 625 D as the lens which 
corrects distant vision without a mydriatic. (The tone 
of the ciliary musele is often less in myopia than in 
hypermetropia: since myopia should be under- rather 
than over- corrected, it is wise to order very little nore 
than the atropin correction, eg., 5°6 D in the above 
example.) 

In astigmatism each principal moridian is corrected 
separately. ‘The resulte are usually recorded thus (Fig. 
288), the directions of the lines indicating the directions 
of the axes :-— 
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The numbers should represent what the surgeon 
believes to be the refraction of the eye under the 
mydriatie, not smmbers to which further modifications 
have to be nade, e.g., the actual lenses used, In the 
examplox given (@) ix a case of regular simple hyper- 


metropic astigmatism according to the rule; (4) regular 
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mixed astigmatism according to the rule; (¢) regular 
compound hypermetropic astigmutism against the rule; 
(d) regular compound hypermetropic astigmatism with 
oblique axes. The exact direction of the axes in astig- 
matism is usually determined by subjective trial, In 
children it may be found by placing the requisite 
cylinder in the trial frame and rotating it until no 
shadow can he observed in any direction. In the 
examples given the correcting lenses required would bo 
(e) + 2 D eylinder, axis vertical; (0) — 1 D sphere 
combined with 4+- 26 D cylinder, axis vertical, or 
+ 15 D sph. > — 2'5 D eyl., axis horizontal; (¢)+ 1D 
sph, > + 2D cyl., axis horizontal, or + 8 D sph. > 
—1D cyl., axis vertical; (d) + 2D sph. > +15 D cyl, 
axis 60° down and in, or down and out, according as it 
represents the left or the right eye. 

Tn irregular astigmatism the shadows move in various 
directions in different parts of the pupillary area; they 
cannot be corrected by spherical or cylindrical lenses. 

In conclusion, a word of warning must be given. The 
correction of a given refraction by retinoscopy may be 
extromely easy or extremely difficult. A vast number of 
refractions should have boon carefully corrected and 
confirmed by subjective tests before a surgeon should 
consider himself justified in ordering glasses without 
supervision from an expert. 








CHAPTER XXIV. 


ERRORS OF REFRACTION, 


Myopia, or “ short sight," is that dioptric eondition of 
the eye in which, with the accommodation at rest, 
incident parallel rays come to a focus anterior to the 
light-sensitive layer of the retina. Myopia may be due 
theoretically to any of the following conditions:— 
A. Abnormal length of the eye—arial myopia; B. Ab- 
normal curvature of the refracting surfaces—curcature 
myopia: (a) too strong curvature of the cornea; (6) too 
strong curvature of one or both surfaces of the lens: 
C. Abnormal refractive index of the media—index 
myopia: (a) too high index of the cornea or aqueous 5 
()) too high total index of the lens, due to (a) too high 
index of the nucleus; (8) too low index of the cortex; 
(y) both these causes; (¢) too low index of the vitreous. 
D. Abnormal position of the lens, i.c., displacement for- 
wards. E. A combination of the above abnormalities. 

There is no question that increased length of the eye 
is the most important factor in the high degrees. Ibis nob 
improbable that the other factors are of more importance 
than is commonly thought in the lower degrees. ‘This 
view is supported by the fact that, as shown by actual 
measurement, the radius of curvature of the normal 
cornea may vary from 7 to 8'5 mm. Curvature myopia 
occurs commonly as a factor in astigmatism, but is rare 
sn cause of spherical myopia, aud is then associated 
with disease of the cornea—conical cornea. Index 
myopia is seldom geen elinieally, but it aecounts for 
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myopia as a premonitory symptom of senile extaract, 
when it ix due to increased refractive index of the nucleus 
of the lens; it also accounts for myopia in some cases 
of diabetes, with or without cataractous changes in the 
lens. 

‘The increase in length of the eye affects the posterior 
pole and the surrounding area; the part of the eye 











eyes from the 


Fic, 290-—Moriveatal wetions of enmetropi want yey 
proequatorial 


taine paationt superpowrd, showing the identity of 1 
regions. (Il 





ine.) 





anterior to the equator may be absolutely normal (Fi, 
259). In most cases the myopia is of low degree, i.¢., up 
to 5 or 6D (simplo myopia). Less commonly the error 
reaches a considerable degree in childhood or early youth 
ond increases steadily up to twenty-five or more, finally 
amounting to 15 to 25 D or more (progressive myopia). 
It is impossiblo, clinically or pathologically, to draw & 
distinet line of demarcation between the two forms, 
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Tn low myopia the only symptom may be indistinet 
distant vision. In other cases and in high myopia there 
is often, in addition, discomfort after near work, dus 
lurgely to disproportion between the efforts of accom- 
modation and convergence (cide p. 525). The eyes are 
unduly sensitive to light. Black spots are seen floating 
before them, and sometimes flashes of light are noticed ; 
the latter may occur irrespective of any tendency to 
detachment of the retina (vide p. 386). In very high 
myopia the eyes are prominont, the pupils are large, 
and the anterior chamber appears deeper than normal, 
probably only owing to the dilatation of the pupil, There 
may be an apparent convergent squint, due to a large 
negative angle y (vide p, 546). A true divergent strabis- 
mus may be found, either concomitant or affecting only 
oneeye. Vision may be very poor, even with correction ; 
scotomata may be present, both central and peripheral, 

Ophthalmoscopically, in low myopia there may be a 
quite normal fundus; the optical defect will of course be 
noticed, especially on examination by the direct method. 
In the majority of cases of moderate myopia there ts a 
“ myopie crescent” (Plate XII., Fig. 2). This is a white 
crescent at the temporal border of the dise ; very rarely 
itis noaal. In higher degrees of myopia it may extend 
to the upper and lower borders, or a complete ring may 
be formed round the dise. The erescent is oceasionully 
absent even in casos of high myopia. 

The bulging at the posterior pole in high myopia is 
called a posterior staphyloma. It is distinguishable 
clinically only by its optical and pathological effects, 
Optically it causes the high error of refraction, and the 
edges may be actually visible by the indirect method 
owing to the presence of a crescentic shadow two or three 
dise diameters to the nasal side of the dise and concentric 
with it and to the change in course of the retinal vessels 
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(staphyloma posticum verum). Pathologically, posterior 
staphyloma causes degenerative changes in the choroid 
and overlying retina; these are commonly described as 
“ myopic choroiditis,” but this term should be abandoned 
sinee the condition is non-inflammatory, and should be 
called myopic choroido-retinal atrophy. The changes are 
generally limited to the posterior pole and the surrounding 
ana (Plate XIL, Fig 2). Small yellowish, white, or 
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Vig, 240.— Diagrammatic horizontal section of normal disc. 
Yio. 211—Diagrammatic horisontal section ot myopic disc. 
JN; saaal side; T, temporal sale ; A.Pigment, retinal pigment 
epithelium ; 22, rotina ; Ch, choroid ; Sv, selorotic, (Modi- 
tied from Heine.) 


Pigmented spots, and not infrequently white branched 
lines, are found at and around the macula. The spots 
coalesce, forming irregular areas which may extend to 
the dise. Patches of choroidal atrophy are common near 
the dise; they may fuse with each other and with the 
myopie crescent so as to form a ring round the disc. 
Small foci occasionally oceur at the periphery. Hwmor- 
thages in the macular region are generally described in 
high!myopia. 1 believe them to be rare; the appearance 
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of small hemorrhages is very nearly simulated, but the 
spots undergo no change for an indefinite time; they are 
probably due to bunches of dilated capillaries, usually 
choroidal, rendered visible by rarefaction of the retinal 
pigment layer, The retina pigment epithelium often 
loses much of its pigment in high myopia, so that the 
fundus is tigroid, and the choroidal veasels are well seen ; 
this condition is not inconsistent with good vision. 

Black specks in front of the eyes aro often complained — 
of in myopia, Dusty vitreous opacities may be visible 
with the ophthalmoscope (vide p. 128), or in high myopia 
lunge floating streamers. ‘The normal musew volitantes 
aro seen more plainly by myopic than by other eyes, 
probably because the ontoptic image is generally larger. 

A rare, but serious, change in the fundus is a small 
circular black spot’ at the fovea. It may appear quite 
suddenly, being accompanied by great diminution of 
contral vixual acuity. 

Detachment of the retina is liable to occur spontaneously 
in high myopia (vide p. 386). 
ology —Myopia is rare in the new-born, the per- 
contage of cases increasing rapidly during the first two 
decades, remaining constant afterwards at 10 to 16 per 
cont, as compared with SO per cent. for emmetropia 
and 80 to 55 por cont, for hypermetropia (Fig. 242). As 
kuganis sex there is no doubt that the higher grades are 
commoner iy women than in men. High myopia is as 
COMMON AlRONgSst peasants as amongst the educated 
classes who do more wear work. It is doubtfnl if near 
‘work is a cause of myopia, a view which has been held 
sivoo Use time of Kepler, There is, however, no doubt 
that it hax @ Geleterions influence upon the disease. 
This Was been attribated by Donders to (¢) pressure of 
the extrinaic tussles apon the globe in strong can: 
vergence; (@) inerwased intraocular pressare front 
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vascular congestion, due to the position of the head ; 
(c) congestion of the fundus, leading to softening of the 
tiseues. Accommodation has long been indicted as a 
cause of myopia. Many fnets are against this view, ¢7., 
(a) accommodation occurs much more forcibly in hyper- 
motropia; (b) it doos not imeroase the intra-ocular 
pressure; (c) it does not affeet the choroid farther back 
than the equator, and does not affect the sclerotic at all, 

‘The mechanism whereby convergence influences the 
production of myopia is the subject of many theories, 
































Fra, 242.—Age Incidence of amelropia. (Herraheier.) Onde 
ates, pereentagos ; abeciean gr 


eg pressure on the vortex veins, increased intra-ocular 
tension, ce. 

Neither accommodation nor convergence alone suffice 
to explain the genesis of myopia. There must be some 
individual predisposition which provides any such 
accessory cuuses with advantageous conditions, This is 
probably a congenital weakness of the sclerotic. Other 
theories invoke shortness of the optic nerve (certainly 
false), special conformation of the skull leading to 
increased interpupillary distance or alteration in the 
position of the pulley of the superior oblique, de, ‘The 
view that moderate and high myopia are cssentially 


on 4 





498 DISEASES OF THE EYE. 


distinct diseases, due to different eauses, is probably 
untrue. 

'The causo of the myopic crescent has given rise to 
much discussion. It is probably congenital in origin, 
allied to other congenital crescents (ride p. 404), but there 
is no doubt that it is greatly altered by the conditions 
obtaining in the myopic eye. Anatomically there is 
considerable distortion of the papilla in myopia. It 
has heen attributed to dragging, produced by the develop= 
ment of the posterior staphyloma ; whether caused 
thus or not, this is an influential factor. Some authors 
ascribe the crescent to this cause (distraction crescent). 
In well marked cases the head of the nerye is pulled 
over to the temporal side. The retina, including the 
pigmont epithelium, is pulled slightly over the nasal edge 
of the dise (supertraetion erescent). On the temporal 
sido the pigment opithelium stops short at a variable 
distanee from the dise and the choroid is atrophic here 
Wig. 241). This part appears ophthalmoxeopieally ax 
the crescent. 

The fact that the crescent may be ubsent in high 
myopia and is often present in low militates against the 
view thot it is caused entirely by traction, Tt is not due 
to accommodation for the same reasons that myopia is 
not caused by this factor. 

As regards prognosis, low or moderate degrees of 
myopia (up to 5 or 6 D), unless occurring in young 
children, have a good prognosis. Thoy are not likely 
to progress, and in some of the conditions of civilised, 
life they may even be an advantage to the individual, 
The same condition in a child, before the age of schooling, 
is of grave prognosis, because it ix almost certain to 
progress, so that in a few years there may be 10 or 
15 D of myopia, accompanied hy serious fandus changes 
and defects of vision. The prognosis in high degrees of 
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myopia is always grave. It must be judged by the 
acuity of vision after correction and the condition of the 
fundus, In all cases there is some danger of retinal 
detachment occurring. 

Treatment consists in wearing suitable correcting 
glasses and by attention to the hygiene of the eyes. 
Each case rust be considered on its merits. 

As regards the ordering of glasses in myopia every 
surgeon agrees that myopia must never be over-corrected, 
Opinions differ os to details. In low myopia, up to 5 or 
6 D (young children excepted), no harm is done by 
ordering the full distant correction for constant use, but 
if this is done the patient must be warned not to hold 
near work closer than ordinary reading distance. Many 
surgeons order glasses weaker by 2 or 3 D for near work. 
Thix hax the effect of making the patients artificially 
presbyopic, ée., if they hold the work at reading distance 
they exert 2 or 8 D less accommodation than an emme- 
tropie person would do, or than they themselves would 
do if wearing full correction. Many patients are more 
comfortable for near work with the weaker glasses; 
others derive no benefit. Thoro is no doubt that the 
principle is derived from the fallacy that accommodation, 
per ae, has a deleterious effect upon myopia. But there 
are some inherent objections to the weaker glasses. ‘The 
patients often bring their work closer than reading 
distance. As far as accommodation is concerned this 
matters less with the weak glasses than with the strong, 
but mere accommodation is of little importance. It ix 
convergence which is the important factor. In order to 
read at reading distance there must be some convergence. 
Tf the artificial preabyopic correction is given no stimu- 
lation to converge is supplied by the act of accommodation, 
80 that in order that physiological requirements may be 
satisfied the visual axes should be parallel. This can 
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only be effected by combining the glasses with prisms, 
bases in (vide p. 527). If the work is eld too near still 
more convergence is required, and the arguments apply 
still more strongly. 

In general, in low myopia, the full correction may be 
ordered for constant use, with minute instractions as 
to near work; in the event of any discomfort being 
experienced, weaker glasses should be ordered for near 
work, especially if much reading or sewing, &¢., is 
engaged in, 

In bigh myopia it is wise always slightly to under- 
correct even for distance, and the same or still weaker 
glasses may be ordered for near work. Tn the highest 
grades the patient often sees best with glasses which are 
decidedly weaker than the full correction ; he should be 
allowed to choose the ones he prefers. The reason is 
that the strong minus glasses very markedly diminish 
the size of the retinal images and make them very bright 
and clear. The retinal images are diminished because 
the glasses have to be worn farther from the eye than 
the antorior focal plane (vide p. 49); glasses for high 
myopia should therefore be made to fit as close to the 
eyes as possible. The vory bright, clear images are 
uncomfortable because the retina is unduly irritable, 
probably owing to the fact that it hns become accustomed 
to large indistinct diffusion images. Some high myopes, 
indeed, can find their way about much best without any 
glaxsex. 

In very high myopia the requisite amount of con- 
vergence for near work may be impossible, Reading, &., 
then becomes purely uniocular. Generally one eye is 
better than tho other, and this eye is always used. The 
effort to maintain convergence under impossible eon- 
ditions is soon given up, and this results eventually in 
the disused eye becoming divergent, ‘There are other 
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factors which tend to cause divergent strabismus in 
myopia (cide p. 561). 

As regards hygienic measures in myopia, near work, 
apart from being held in the proper position, must be 
reatricted. It is particularly important that it should 
not be done too continuously. More work ean be done, 
with less harm to the eyes, by the interpolation of 
frequent short intervals of rest. It is beat to give procise 
instructions as to the amount and distribution of near 
work. ‘The illumination must be good, but not too bright, 
and it must come from behind and beside the patient's 
head, Stooping over near work must be forbidden. 

If the eyes are irritable, or the myopia is progressing, 
complete rest is imperative. Atropin should bo instilled 
onee a day for a prolonged period, tonics, especially iron 
and arseni¢, should be given, and a change of air to the 
country, with plenty of healthy exercise, is desirable. 

Operative treatment for high myopia.—lé an eye bas 
axial myopia of 24 D, its length will be about 31 mm. 
If the crystalline lons of such an eye is removed, parallel 
rays will be focused upon the retina without the inter- 
vention of any correcting lens, and the retinal images of 
distant objects will be larger than those of the emme- 
tropic eye. Hence the extraction of the lens has been 
strongly advocated in high myopia. In completely 
successful cases the improvement is enormous. The 
operation is, however, attended with grave dangers. The 
eye with high myopia is a diseasod eye. It withstands 
operative measures badly. The vitreous is likely to bo 
fluid and to contain opacities, The retina and choroid 
are probably diseased, and the tendency to detachment 
of the retina is increased by operation. No dogmatic 
rules can yot be given for the operation. I am guided 
by the following principles. (1) Only young patients 
should be operated upon; (2) the operation should be 
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discission without subsequent curetle evacuation unless 
this becomes imperative on account of tension ; (3) there 
must be at least 15 D of myopia ; 4) the fundus must be 
fairly healthy ; (5) one eye only must be operated upon. 
The operation might be performed under Jess favourable 
circumstances if vision was so bad as to be useless, but 
such cases are rare. 

Hypermetropia (Syn.—MMuyperopia) or “far sight" is 
that dioptric condition of the eye in which, with the 
accommodation at rest, incident parallel rays come to a 
focus posterior to the light-sensitive layer of the retina. 
Hypermetropia may be due theoretically to any of the 
following conditions:—A. Abnormal shortness of the 
eye—axial hypermetropia. B. Abnormal curvature of 
the refracting surfaces—cureature hypermetrapia : (a) too 
slight curvature of the cornea; (2) too slight curva- 
ture of one or both surfaces of the lens. ©. Abnormal 
refractive index of the media—index hypermetropia : 
(a) too low index of the cornea or aqueous; (1) too 
low total index of the lens, due to (a) too low index 
of the nucleus, (8) too high index of the cortex, 
(7) both these causes; (¢) too high index of the vitreous, 
D. Abnormal position of the lens, ie., displacement 
backwards. ££. Absence of the lens—aphakia. F, A 
combination of the above abnormalities. 

As in myopia, the chief factor in clinical hypermetropia 
is abnormality in the length of the oye; in this ease the 
eye is too short. It must be remembered that a small 
oye, though too short, ix not me ily hypermetrapie, 
since there may be uniform diminution of all the parts, 
This is, perhaps, most easily understood if a diagram 
such as Pig. 29 is considered; if such a diagram is 
uniformly diminished, eg., by photography, the parallel 
rays will still come to a focus on the retina, As a 
mutter of fact hypermetropic eyes are almost invariably 
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also smaller than normal; this is a fact of great patho- 
logical importance (ride p. 312). 

Curvature hypermetropia occars commonly as a factor 
in astigmatism ; it is almost unknown as a cause of 
spherical hypermetropia. Index hypermetropia accounts 
for the hypermetropia of old age (ride p. 62), and is to 
be attribated to increased rofractive index of the cortex 
of the lens. 

Hypermetropia rarely exeeeds 6—7 D, which is equiva- 
lent toa shortening of the optic axis of2mm. Individual 
cases of much higher degrees, without other anomaly, 
such as coloboma or rmicrophthalmia, have been recorded 
—up to 4D. 

Tn the young the condition may cause no symptoms. 
When symptoms are present or arise, they are chiefly 
referable to the abnormal amount of accommodation 
which these eyes are subjocted to, and to the Inck of 
eongonance between accommodation and convergence 
(wide p.525). As has boen pointed out, the healthy youth 
has an ample reserve of accommodation, and if he 
happens to be hypermetropic he accommodates for dis- 
tant and near objects without being conscious of the act. 
Ithe is weakly or does much near work the perpetnal 
overuetion of the ciliary musele ix likely to produce 
symptoms; the condition is often called accommodative 
asthenopia or “eye-strain.” The symptoms are noticed 
chiefly after reading, sewing, &c., especially in the 
evening by artificial illumination. The eyes ache and 
burn; thoy may feel dry, #0 that blinking movements 
are more frequent than usual, or there may be lacryma- 
tion. The conjunctiva and edges of the lids become 
red, and actual blepharitis may be caused. If near 
work is persisted in, headache, usually frontal, comes on. 
Typical migraine may oceur. 


In young children hypermetropia ix a predisporing, 
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cause to convergent strabismus (q.e.). In all eases latent 
convergence is often found in hypermetropes, though 
other forms of heterophorin may occur (vide p. 562). 
The presence of heterophoria increases the tendency to 
headache, &c. 

In older patients no symptoms may be caused until 
the power of accommodation has diminished to the extent 
that the far point is beyond the range of comfortable 
reading distance. Near work has to be held farther off 
than usual in order to be seen clearly, ‘The greater the 
degreo of hypermetropia the sooner will this symplom 
arise. In other words, apparent presbyopia commences: 
at an earlier age than usual. Tt must be carefully borne 
in mind that hypermetropia predisposes to glaucoma 
(qr.) in elderly poople. 

Ophthalmoseopically the fundus may exhibit no 
abnormality. A bright reflex, suggesting the appear- 
ance of watered ailk, is commoner in hypermetropic than 
in emmotropic or myopic eyes. The inferior crescent is 
also more common in these eyes than in others, as also 
abnormal tortuosity of the rotinal vessels. In some. 
eases optic neuritis is nearly simulated—psendo-papillitis 
(vide p. 897). 

Anatomically the eye is shorter than normal in 
hypermetropia : it is also usually smaller. ‘The changes 
are not confined to the post-equatorial segment as in 
myopia. ‘The diameter of the cornea is often reduced, 
and regular astigmatism is common. ‘The anterior 
chainber is shallower than normal, owing partly to the 
normal size of the lens (ride p. 311). Little weight 
should be attached to the old observation that the irs 
cular fibres of the ciliary muscle are hypertrophied, the 
meridional atrophied, in hypermetropia. No anatomical 
abnormalities are found in the retina, choroid or optic 
nerve. 
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The new-born are almost invariably hypermetropic 
(mean 2:5 D). In the first decades of life the hyper- 
metropia curve falls rapidly, remaining at about 50 per 
cont. aftor the twentieth year. Hypermetropia shows no 
predilection for oither sex. It is a well known faet that 
savages are usually hypermetropic. The higher mam- 
mals, especially the carnivora, aro bypermetropic. 

Treatment consists in preseribing the correeting 
glasses, Unless there are definite symptoms there ix 
no reason for insisting upon the use of glasses in the 
young or middle-aged. In elderly people the hyper- 
metropia must be corrected for near work: the ordinary 
presbyopic correction must be added to the hypermetropic 
correction, but care should be taken that these cases are 
rather under- than over-corrected (vide p, 614). 

In young children tho requisite correction is estimated 
under atropin, confirmed if possible by subjective tests. 
The correction, allowing for the effect of atropin upon 
the tone of the ciliary muscle (ride p. 490), is ordered 
for constant use or only for near work according to the 
severity of the symptoms. [f the degree of hyperme- 
tropia ix high the axe of the glasex may be commenced 
while the child is still under the influence of atropin. 
In older patients with high hypormotropia it is often 
unwise to order the full correction at once. ‘I'he ciliary 
muscle has been overworked for so long that complete 
relaxation does not oceur immediately. If the full 
correction is ordered the oye, with its contracted ciliary 
muscle, plus the glass, ig made myopic: the patient 
cannot sve clearly at a distance, and is linble to discard 
the spectacles. In these cases rather more than the 
amount of manifest hypermetropia should be ordered. 
The patient is told to return in three or six monthy, 
when stronger glasses are ordered, and so on until the 
full correction can be borne with eamfort. 











& point of light cannot be made to produce a 
image upon the retina by any spherical correcting lens. 
‘The varicties of regalar astigmatism have boon’ aleeady: 
enumerated (vide p. 54). 
Regular astigmatism, the only form whieh porsiagh! 
optical correction, invariably produces greater or less 
in vi . It is particularly liable to eanse 
the worst forms of asthenopia or “eyestrain; the 
asthenopia in these cases is only in part accommodative. 
The asthenopia is often worse in the lower degrees: af 
astigmatism thon in the higher. This ix probably due 
to the eye endeavouring so to accommodate as to produce 
a circle of least diffusion (vide p. 64) opon the retina, 
Aching of the eyes, severe headaches, and typical 
migraine are complained of. The eyes quickly become 
fatigued with reading, &c., and tho lotters aro described 
as “ running together.’ 
Regular astigmatism is usually a congenital defect, 
due in most part to difference in curvature of the cornea 
in different meridians. It must be remembered that 
frequently the cornea is not alone at fault. Corneal 
astigmatism may be increased or partially corrected by 
lenticular astigmatism : hence the methods forcorreeting 
astigmatism, such a the ophthalmometer, ke, which are 
wholly dependent upon estimation of the corneal defect, 
are quite untrustworthy except in aphakia. | 
Regular astigmatism may be traumatic, following a 
wound, usually surgical, in the corneo-scleral margin. 
‘The contraction of the sear causes flattening of the 
cornea in the meridian at right angles to the wound. 
‘The astigmatism due to this cause continues to altar for 
many weeks wfter the injory, so that glasses should nob 
be ordered for at least six weeks. 
Treatment,—In all cases in which astigmatiam: causes 
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asthenopic symptoms the full correction should be 
ordered for constant use, ic, both for distant and near 
vision. If there is a high degree of hypermetropia or 
myopia, associated with a low degree of astigmatism, the 
effect of the cylinder upon distant vision should be tested. 
If it produces no appreciable improvement simple 
spherical glasses should be tried first. It should be 
remembered that glasses placed before the eyes only 
correct the refraction accurately when the visual axis 
passes through the optical centre of the ons, When the 
eyes ure directed to one side the lenses also net ax prisms, 
and further, the lenses are tilied relatively to the eyes so 
that an astigmatic effect is produced. In the case of 
high spherical lenses this astigmatic effect is considerable, 
and may easily counteract or double the effect produced 
by a weak cylinder combined with the sphere. Hence 
weak cylindors are scldom of much use when combined 
with high spheres. 

In low astigmatic errors the instruction as to the use 
of glassea depends upon the amount of asthenopia. The 
relief of the discomfort experienced may not be worth 
the trouble of wearing glasses constantly. In these 
eases they should be ordered for near work only, and if 
this fails to eliminate the symptoms the advice should 
be given to wear them constantly. 

Aphakia is the condition of the eye when the crystal- 
line lens has been removed. The eye is extremely 
hypermetropic if it was emmetropic or had only a low 
grade of ametropia before removal of the lens. The 
hypermetropia, as estimated by the correcting lens 
required when worn in the usual position, is about 10 
or 11 D if the eye was previously emmetropic. 

Accommodation is, of course, lost. The anterior 
chamber is deep, the iris tremulous, and there is often 
acoloboma of the iris upwards. In casos of doubt as to 
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the absence of the lons the Purkinje-Sankon reflexes 
from the lens surfaces should be sought. 

With the ophthalmoscope opacities will probably be 
found in the pupillary area, consisting chiefly of 
remnants of the lens capsule. ‘They should be examined 
by oblique illumination, hy the mirror, and by the direet 
method. If they are dense, discission is indicated before 
attempting to correct the refraction; if they are slight, 
the advisability of needling depends upon the amount of 
vision obtained with correction, 

Tn addition to the hypermetropia, there is always some 
astigmatism in those cases in which a corneal or corneo- 
scleral section has been made. If the section isin the 
upper part of the cornea, the astigmatism is against the 
rule; ée., the cornea is flattened in the vertical meridian, 
Tho astigmatiem usually amounts to 2 or 8D, 

Treatment.—The refractive error is determined by 
retinoscopy and by subjective tests, ‘The ophthalmometer 
may afford help in these eases. Great pationce is often 
necessary, for the patients do not readily accommodate 
themselves to the new optical conditions. A 100r 11D 
convex lens combined with a + 2or +8 D cylinder, 
axis horizontal, is about the correction usually required 
for distance. The sphere must be stronger by 4 D for 
near work, ‘The correcting glaases should not be ordered 
earlier than six weeks after the operation, both on account 
of the necessity of resting the eye and because the 
astigmatism changes rapidly during the first few wooks. 

It one eye only has been operated upon, the other 
being cataractous, reversible spectacle frames may be 
ordered. In them the bridge is horizontal, so that 
when the distant glass is being used the near glass is in 
front of the defective oye, and vier rerad. 

Anisometropia is the condition in which the refraction 
of the two eyes shows a considerable difference, A slight 
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difference is very common, The condition may cause 
asthenopic symptoms. All varieties and degrees of 
anisometropia occur. In the lower grades there is 
usually binocular vision, though it is imperfect. In 
the higher grades it is impossible without correction. 
Vision is then uniocular, and there is some danger of 
the eye which is not used becoming divergent. If one 
eye is nearly emmetropic and the other myopic, the 
former may in some cases be used for distant, the latter 
for near, vision. 

Treatment.—Correction of anisometropia offers many 
difficulties. Tt has already been mentioned that if 
correcting glasses are placed at the anterior focal plane 
of the eye, the retinal images are the same size as the 
emmetropic retinal image. In practice the glasses are 
farther from the eyes. Consequently with convex glasses 
the retinal image is enlarged, with concave diminished. 
In high grades of anisometropia, therefore, there will be 
# considerable difference in the size of the retinal images 
of the two eyes. Patients find it difficult or impossible 
to fuse these sharp but diverse images. No universal 
rules can be given for the glasses which should be 
ordered, The following snggestions will generally be 
found to work well -— 

If the difference between the two eyes is less than 4 D, 
the full correction should be ordered for constant use; 
they should be perseveringly worn for at least six weeks. 
Tf they still cannot be borne, it will probably be necessary 
to correct only the less ametropic eye for distance. 

In patients of loss than twelve yoars of ago the full 
correction should alzo be ordered for constant use, even 
if the difference is greater than 4 D. The more 
ametropie eye should be exercised alone, as in casos of 
concomitant strabismus (vide p. 558). Very often the 
treatment will fail, but it should be tried in the interests 
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of binocular vision, It is almont certain to fail in older 
patienta. 

When the fall correction cannot be worn constantly, 
both eyes can often be made to work together in comfort 
for near work by making each eye artificially presbyopic 
to the extent of half the difference between the two 
eyes. Por example, suppose one eye is emmetropic, 
and the other has 3 D of myopia, the patient will be 
most comfortable with -- 15 D in front of the emme- 
tropic, and —1S D in front of the myopie eye for 
near work. 


Tae Coxxecrion or Ennons or Rerraction, 


The correction of errors of refraction has been already 
briefly sketched. It will be well, however, to ontline the 
method to be adopted in systematically examining for 
and correcting these errors, and to indicate requirements 
which should be satisfied by spectacles. 

If the patient is less than sifteen years of age,— 

(1) Test the distant and newr vision, if the child knows 
his letters ; 

(2) ‘Test the pupil reactions ; 

(3) Test the muscular balance by the screen teat ((vide 
7). 

‘Then order ung. atropini, 1 per cent., to be inserted 
with a glass rod, three times a day for at least three 
days. 

At the next visit— 

(1) Determine the error of refraction by retinoseopy ; 

(2) Thoroughly examine the fandus with the ophthal- 
MOsCOpe ; 

(3) Confirm the retinoscopy by subjective tests, if the 
child knows his letters ; 

(4) Order the correction according to the principles 
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enunciated in the paragraphs devoted to the respective 
types of refractive error. 

If the patient ix between fifteen and twenty-five years 
of age, the same procedure should be adopted, but in 
many eases the prolonged action of atropin so seriously 
interferes with the patient's employment that it may be 
replaced by homatropin. 

If the patient is between twenty-five and forty,— 

(1) ‘Test the distant vision, the manifest hypermotropia, 
and the near vision ; 

(2) Test the pupil reactions and the range of accom- 
modation 5 

(8) Thoroughly examine the eyes with oblique illumina- 
tion and by the ophthalmoscope. 

If it is concluded that the defect is simply due to error 
of refraction, the further procedure depends upon the 
results of the subjective testing — 

(1) It the vision is 6/6 and J 1, with a low degree of 
manifest hypermetropia and few asthenopic symptoms, 
glasses may be ordered according to the amount of 
manifest hypermetropia (vide p. 505). 

(2) If the vision is less than 6/6, no Hm, but J 1 is 
read fluently when the type is held closer to the eyes 
than normal, the patient has probably simple myopia. 
In general homatropin should be instilled, and the 
glussos ordered according to the retinoscopy and sub- 
jective tests under the mydriatic. The expert may feel 
justified in ordering glasses without using a mydriatic, 
judging by the subjective tests and his ophthalmo- 
scopic examination, confirmed by retinoscopy without a 
mydriatic, 

(8) If the vision is loss than 6/6, and 6/6 cannot be 
read with any spherical glass, or if some letters only of 
6/6 can be read—letters with oblique lines, e.g., Z, being 
missed in that line and even in the other lines—the 
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patient is probably astigmatic. Homatropin must be 
instilled, and the refraction corrected by retinoseopy. 

Uf the patient is over forty, the examination will be 
exactly as for one between twenty-five and forty, except 
that presbyopia must be taken into account, and greater 
care must be exercised in instilling « mydriatic. Pres~ 
byopia affects the distant vision in bypermetropes in 
such a manner that although 6/6 may not be read with 
the unaided eye, it may be possible with a convex lens. 
Its effect upon near vision is discussed elsewhere. It ix 
of little use to test the near vision of a presbyope withont 
the ghiss which ix necessary to correct the presbyopia, 
since no useful knowledge is obtained. If the vision 
cannot be improved up to 6/6 with « spherical lens, the 
patient is probably astigmatic, or has some disease of the 
eye, eg incipient cataract. Lf ophthalmoscopic examina- 
tion indicates merely the presence of astigmatism, 
homatropin (never atropin) should be instilled, but in 
every case in which this is done one drop of eserin, O. 5 
per cent., is instilled into the eye before the patient leaves, 
Aftor estimating the error of refraction by retinoscopy 
it is advisable to see the patient again after the effects 
of homatropin have passed off before ordering glasses 
for near vision. 

Spectacles —In children spectacles with large round 
or “round oval” “eyes” should be ordered, otherwise 
the child may look over them. 

In adults with astigmatism spectacles or rigid pinea- 
nex must be ordered, never “folders.” The latter are 
never to be mmended, and are absolutely contra- 
indicated in astigmatixm. 

It is very important that all glasses fit accurately. In 
distant glasses the lenses must be centred so that the 
centres are exactly opposite the centres of the pupils 
when the visual axes are parallel. Near glasses are 
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decentred slightly inwards, and the lenses are tilted so 
that the surfaces form an angle of 15° with the plane of 
the face. 

Various forms of bifocal glasses are sometimes used. 
In them the upper part contains the distant correction, 
the lower part the near. 


If tinted glasses are desirable, e.., in high myopia, 
albinism, &¢., the correcting lenses may be tinted. 





CHAPTER XXY. 
ANOMALIES OF ACCOMMODATION. 


Presbyopia has been already explained ((vide p. 62). 
It is a physiological condition and therefore not properly 
included amongst anomalies of accommodation. It is 
convenient, however, to discuss its clinical treatment 
here, since it is so nearly allied to the correction of errars 
of refraction. 

It has been shown that no convex lens of greater 

* atrength than 4 D should be ordered to correct presbyopia 
in the absence of hypermetropia; further, that the rule 
that a presbyope requires + 1 D for every five yeara 
after forty errs on the side of being a somewhat liberal 
allowance. Rather less, and never more, should be 
ordered. Some peoplo, especially if thoy have hyper- 
metropia, and therefore still stronger glasses for near 
work, have discomfort with their proper presbyopie 
correction, ‘his is usually due to the absence of any 
stimulus, derived from the accommodative effort, to 
converge (vide p, 625) The cally the visual axes 
should be parallel when the presbyopic correction is 
used, Convergence, however, is necessary in order that 
both eyes may see the near object, It may be eliminated 
by combining priams, bases in, with the correcting glasses. 

In many occupations, bootmaking, carpentering, 
&e., the work is held at a greater distance than ordinary 
reading distance. The correction for work must then be 
ordered aceording to the distance, a weaker glass being 
required for a distance greater than 22 cm 




















Myopes of course may require no glass for near work, 
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Their presbyopic correction is estimated by the algebraic 
som of their myopia and presbyopia. 

Paralysis of Accommodation, or cyelopleyia, occurs in 
disease ag well ag from the direct action of drags 
(eyeloplegics) such as atropin and homatropin. Unilateral 
eyeloplegia is generally due to drugs, contusion (vide 
p. 430), or to paralysis of the third nerve. Bilateral 
paresis, less commonly paralysis, is most frequent after 
diphtheria, but may oceur after debilitating illness, 
influenza, syphilis, dinbetes, cerebral disense, ke. Paresis 
of accommodation occurs as a premonitory symptom of 
glaucoma and sympathetic ophthalmia. 

In complete paralysis the sphincter pupille is also 
generally paralysed, so that the pupil is widely dilated. 
In paresis the pupil may be scarcely at all aficeted, 
especially after diphtheria. The symptoms depend upon 
the condition of the refraction. If the patient is myopie, 
the defect may pass quite unnoticed ; if he is ommetropic, 
near vision will be alone affected; if he is hypermetropie. 
both distant and near vision will be affected, but par- 
ticularly the latter. In paresis it may be possible to 
dingnose the condition only by carefully measuring the 
range of accommodation. 

‘The prognosis is good in cases due to drags or 
diphtheria. In traumatic cases the condition may be 
permanent. 

Treatment is that of the cause.  Post-diphtheritic 
cases should be treated with tonics, especially atryehnine. 
Whenever the condition is bilateral noar work can be 
carried on by using suitable convex glasses, aa in the 
correction of presbyopia. As a rule, howaver, the oyes 
should be kept at rest, so that it is inadvisable to order 
glasses. Miotics are sometimes used, but they may do 
harm and seldom do good. The constant current may 
be tried. 
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Spasm of Accommodation.—It has already been 
mentioned that the ciliary muscle has physiological 
tone, which is abrogated by atropin, and is equivalent to 
wbout one dioptre. In somo eases it is found that atropin 
produces a much greater effect. This can only be due to 
spasm of the ciliary muscle. It is found only in young 
patients, and, contrary to what might be expected, more 
often in myopes than in hypermetropes. In any case 
an actual or relative myopia is produced. Spasm of 
necommodation is produced artiticinlly by the instillation 
of miotics. 

















Tn spontaneous spasm ‘of accommodation there is 
nearly always some error of refraction. The eyes have 
usually been subjected to too much near work onder 
unfavourable circumstances, The condition should not 
be diagnosed unless proved to be present by the use of 
atropin. 

Treatment consiste in the use of atropin for several 
weeks. Tho amount of near work must bo limited and 
carried out under good conditions, the error of refraction 
being carefully corrected. 











SECTION Y, 


DISORDERS OF MOTILITY OF THE EYE. 





CHAPTER XXYI. 


ANATOMY AND PHYSIOLOGY OF THE BXYRINAIC OCULAT 
SOLES. 


‘Tue internal rectus is inserted into the sclerotic about 
5°5 mm. to the nasal side of the corneo-scleral margin, the 
inferior reetus 65 mm. below, the external rectus 7 mm. 








sia FIG. 2H4.-—Lines of iosertion of 

10.248, “Line of inection of the oblique muscles wad of the 

the rect! wusclor of right oye external and interval recti of 
eon fram (n front. Fight ope, seen from alore, 


to the temporal side, and the superior rectus 7-6 mm. 
above (Fig. 248). ‘The tendons are about 10 mm. broad. 
The origin of these muscles around the optic foramen 
iy well to the nasal side of the posterior pole of the eye. 
It bas been proved that when the oxtrinsic muscles act 
they turn the eye wround a spot which is called the eeutee of 
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rotation (Fig. 245). This spot is situated about 18°5 mm. 
behind the centre of the cornea, Tt lies in the same 
horizontal plane as the lateral recti, Consequently when 
the internal or external rectus acts it rotates the eye 
horizontally inwards or outwards respectively around a 
vertical axis through the centre 
of rotation without any rotation 
about the horizontal axis. When, 
however, the superior rectus acts, 
it not only pulla the eye upwards, 
but also inwards, whilst thore is 
some rotation of the cornea, 80 
that the vertical meridianaseumes 
a direction from above down and 
out (torsion). Similarly when 
the inferior rectus acts the eye i 
pulled down and in, the vertical 
meridian of the cornea being 
F1G. 245,—Diayram of the devinted so that it lies from above 
Ieof wun ec down and in (Figs 246), 
eye. (Alter Kick) | 6, The oblique muscles are in- 
cvntze of rotation. | Th Sorted into the aclerotie behind 


Hons of notion of the the level of the centre of rotation 
niase be. external 












rect | internat (Fig, 244). Their direction of 
“iat hE action is from behind forwards 





ret: Ox, and inwards. Hence the superior 
eptiaue st. Inferior Stiga pulls the eye downwards 
and outwards, the inferior oblique 

upwards and outwards. Tho mechanism is so arranged 
that when the superior rectus and inferior oblique act 
simullancously the eye moves directly upwards; iv, the 
upward movement caused by each muscle is sommated, 
whilst the inward movement ond corneal rotation of the 
superior rectus are exactly compensated by the outward 
movement and contrary corneal torsion of the inferior 
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oblique. Similarly when the inferior rectus and superior 
oblique act simultaneously the eye moves directly 
downwards. 

Every movement of the eyeball is a synkinesis 
(wide p. 65). In adversion not only does the internal 
rectus act, but also the superior and inforior recti, and it 
has been shown that the antagonistic muscles are not 
merely relaxed, but are actively inhibited. In abversion 
the external rectus and both obliques are in action. In 
elevation the superior rectus acts consonantly with the 








Pha, 146,—Diagrin of 
the comer, —(Klschnige 
vides ; X, nasal sides. The slotted Hines 


the extrinsic muscles spon 
1, left ese; semporal 
ion Ve terslomal effects 








inferior oblique. In depression the inferior rectus acts 
with the superior oblique. The movements already 
described are all around three primary axes—vertical 
(movements in and out), coronal (movements up and 
down), and sagittal (torsion)—which pass through the 
centre of rotation. Still more complicated are the 
movements about sucondary axes, i,¢, axex passing 
through the centre of rotation in sowe other direction, 
such ax movements up and in, up and out, down and 
in, down and out. 

Not only is there uniocular synkinosis: under normal 








520 DISEASES OF THE EYE. 


circumstances there is always also binocular synkinesis. 
Adversion of one eye is accompanied by abversion of the 
other eye—conjugate deviation ; elevation or depression 
‘of one eye ix always uceompanied by elevation or depres- 
sion respectively of the other eye. ‘The only excep- 
tion to this rule is the bilateral adversion of the eyes in 
convergence. Hleva- 
tion of both eyes 
is accompanied by 
slight abversion 
(divergence), depres- 
sion by slight adver- 
sion (convergence), 
‘The oculomotor, or 
third cranial nerve, 
supplies all the ex- 
trinsic muscles exeept 
the external reetas 
and superior oblique ; 
it also supplies the 
sphincter iridia and 
ciliary muscle. The 
superior oblique is 
supplied by the 
rate Plt eaten ths fourth nerve, and the 
superior external rectus by 
ede Inferior the sixth nerve, A 
thorough Imowledge 
of the arrangement of the nuclei of the cranial nerves 
in the mid-brain and medulla, and of the course and 
relations of the nerves to their destinations is requisite 
for accurate diagnosis of the seat of lesion in cases in 
which they aro involved. 
The third and fourth nuclei form a large continuous 
mass of nerve cells situated near the middle line in the 













corpus quadrigerinun, 








EXTRINSIC OCULAR MUSCLES. 521 


floor of the aqueduct of Sylvinus beneath the corpora 
quadrigemina or colliculi (Figs. 247-9). Thecells nearest 
the middle line 
towards the anterior 
part of the third 
nucleus are smaller 
than the others; 
they, with the cells 
of the opposite side, 
form an unpaired 
nucleus with two 





divergent horn-like 
Fig. 248 —Diagram of transverse section of 
mmeswnoephalon at the bevel af the third 


processes in front 
(the Edinger-West- feted of 3. Fig Sept rg 
superior vorpus quadrigeminam ; 4, rod 


phal nuclei) (Fig. nucleus: Ly.t. internal geniculate boty ; 
251), which prob. gd, external genioolate body; 0.2, 


ably supplies fibres °° "™** 
to the ciliary 
musele (accom 
dation) and sphinc- 
ter iridis (constrie- 
tion of the pupil). 
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It is probable 

that in the great Pye Tr 

large-celled lateral 

nucleus the levator a J 

palpebre is repre. re 

sented most an- yp 

teriorly, then from 

before backwards 

elevation of the eye, area yep al Sf 

adversion, and de- superior polunelo of the cerebellum; 
- Pyr, Tr, pyramidal tract, 

pression, whilst ab- 

yersion is relegated to the sixth nucleus, much farther 

back in the medulla (Pig. 261). Thore is little decussation 


yrerme section 
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of the fibres from the third nuclei of the two sides in 
the anterior part, but a considerable amount in the 
posterior part. 

‘The sixth nucleus is in the immediate vicinity of the 
facial (seventh) nucleus (Figs. 247, 250), the fibres from 
which make a large bend around the sixth nuclous 
(Fig. 262). Honce vascular and other lesions of the 
sixth nueleus ara very liable to be accompanied by 
facial paralysis. 

A large and important tract of nerve iibres, derived in 
part from the an- 
terior columms of the 
spinal cord, lies 
below and close to 
the third, fourth and 
sixth nuclei. This is 
the posterior longi- 
tudinal bundle (Figs. 
248-50, 253). Fibres 
HG. 250—Diagmam ot transverse section Pass between it and 

of the pons at the Ievel of the sixth the nuclei under con- 

paneer ion ieallaal buss sideration; they 
form oly) Hyer Tes pyramidal mat, Probably ews fenpare 
tant functions in the 
co-ordination of movements und equilibration, which 
are so intimately related with vision. Amongst these 
fibres are also some which link up the sixth nucleus of 
one side with the third nucleus of the other (Fig. 258): 
these are concerned in conjugate deviation of the eyes 
to one or other side. Hence when one sixth nucleus ig 
dostroyed tho pationt is unable to turn his eyes to 
the same side, though the power of convergence is 
unimpaired. 

The student should revise his knowledge of the anato- 

mical relations of these and the neighbouring eranial 
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nerves in their course from the nuelei to their respective 
terminations. 

Orientation,—Orientation of objects in space depends 
upon their relation to the nodal point of the eyo, ie., the 
position of an object is determined by the line passing 
through the object and the nodal point, the spot where 
this line cuts the retina being the position of the retinal 
image of the object. Conversely an object is aaid to be 





Pra, 251. —Diagram of the probable of the naclel of origia of 
the fibres to the ocular musoles in the thin, fourth and sixth naciel. 


projected along the lino joining the rotinal image with the 
nodal point. Objective orientation determines the rela- 
tive positions of objects to each other, Subjective 
orientation, or the exnet relation of the situations of 
objects to ourselves, is much more complex, depending 
upon an accurate knowledge of the position of the body 
and of the eyes in the body, derived largely from the 
muscular sense. 

Corresponding Points—When a distant object is 
looked at the visual axes ave practically parallel: the 
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object forms an image upon each fovea centralis. An 
object to one side of the object looked at forms its retinal 
images upon the temporal side of one retina and 
upon the nasal side of the other; these are called 
corresponding points. Points on the two retinwe which 
are not corresponding pointa in this sense of the term: 
are called disparate points, If an object forms its retinal 
images upon disparate points it will be seen double 
(binoealar diplopia). Tf the 
disparity is slight there is 
great, tendency to move the eyes 
so that the images may be fused. 
It will be noticed that the two 
fovew are corresponding points. 
When a near object is looked 
at the eyes converge the requisite 
amount to bring the two retinal 
images of the object upon the 
two yellow spots. 
Binocular Vision.—When the 
fra. 202—Diageamn of the @Y88 Ore normal the individual 
sixth nucleus and its re sees clearly with both eyes the 
tettesite Btcc rhe object looked at. ‘The retinal 
seventh nerve, ‘The vela- images of the two eyes are 
tupleter one plane, not, however, identical. ‘his is 
obvious when it is remembered 
that there is « considerable distance between the two eyes. 
If the object is a solid body, ¢y., a cube, the right eyo 
sees a little more of the right side of the object, and vice 
rersd. ‘The two images are fused paychologically, and it 
is this fasion of the slightly diverse images, combined 
with other facts derived from experience, which enables 
the person to app ¢ solidity of objects, ‘The 
ostimation of the relative distance of objects in or near the 
line of vision is still more complex. It probably depends 
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upon the fact that the images of objects farther or nearer 
than the object fixed are situated at disparate points on 
the retinw. A more distant object will produce heter- 
onymous diplopia, a nearer homonymous diplopia, ws 
ean be shown by experiment. ‘The diplopia is sup- 
pressed in actual vision, but it produces a psychological 
impression which is translated into appreciation of 
distance. Jt will suffice 
if it is well understood 
that accuracy of stereo- 
seopie and topical vision 
depends upon good sight 
with both eyes simal- 
taneously. 
Convergence and 
Accommodation. —When 
adistant object is observed 
by an emmetropic person 
the visual axes are parallel 
and no effort of accom- 
modation is made, If a 
near object is observed 
the eyes converge upon it 
and an effort of accom. "%G.7myz,iaatadl of the course of 
modation corresponding ante Leg aand in ee 
with the distance of the tines of section of Figs Prac 
objectis made. Therenre — (Mt should by Leet.) 
various methods of recording the amount of convergence. 
‘One very convenient method employs the metre angle as 
a anit. Suppose an object to be sitaated in the median 
live between the two eyes at a distance of one metre 
from them. Then the angle which the line joining the 
object with the centre of rotation of either eye makes 
with the median line is called one metre angle (Fig. 254). 
With on interpupillary distance of 60 mm. this angle is 
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about 2°. If the object is two metres away the angle is 
approximately half as great, or 2 ma. If the object is 
50 em. away the angle will be 2 m.a. Now, the amount 
of accommodation which an emmetropic eye exercises in 
order to see clearly an object 1 m. away is 1 D, 2m. 
away 05 D, 50 cm. away 2D, &e. 
Hence with an emmetropic person the 
amount of convergence, reckoned in 
metre angles, is the same as the 
amount of accommodation, reckoned 
in dioptres, 

The amount of convergence can also 
be measured by prisms, If an object 
one metre distant is looked at with a 
prism with the base directed outwards 
placed before one eye, eg., the right, 
it may still be seen as a single object 
(Pig. 2 Now in order that the 
object may form its image upon the 
fovea of this eye it is necessary that 
the eye should be turned inwards an 
amount corresponding with the angle 
of deviation of the prism. This 
method, besides affording a method 
of recording amounts of convergence, 
Mie, 24—Diagram algo shows that the relationship 

of the metre angle. 

Gr, C2, center between convergence and aceommoda- 

Tohtantiotteys, tion is somewhat elastic. In the 

experiment deseribed, although the 
amount of accommodation exercised remains the same, 
the amount of convergence is altered. Indeed, if the 
relationship were quite unalterable a hypermetropic 
person would invariably have diplopia, for his accom- 
modation is always in excess of the corresponding value 
of the amount of convergence exerted by an emmetrope, 
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Moreover, the powor to converge would gradually be lost 
pari paseu with loss of accommodation in advancing age. 

If in the experiment described above the prism is held 
before the right eye with its base inwards it will still be 
found possible to see the object single (Fig. 266). Further, 
a distant object ix still seen single under the same con- 
ditions if the prism has only a small angle of deviation. 






1 adducting and 
ject of fixation ; f, 7%, left and right fovom ce 





This can only be accomplished by active divergence of 
the eyes to an amount corresponding with the angle 
of deviation of the prism. The power of divergence, 
which may therefore bo considered to be negative con. 
vergence, is much less than the power of convergence, 
Just us the difference between the far point and the near 
point of accommodation is called the amplitude of 
accommodation, so the difference between the far point 
and the near point of convergence is called the amplitude 
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of convergence. Whereas, however, negative aceommo- 
dation, i.c., ability to sec a point beyond infinity, or in 
loss mathematical terms, so to Hatten thie lens that a 
myope could see clearly without glasses, is impossible, 
negative convergence, a8 has been seen, is possible within 
small limits. The amplitude of convergence therefore 
consists of a negative portion and a positive portion. 
‘The former is measured by the strongest prism, base 
inwards, which ean be borne without producing diplopia 
in distant vision. The latter is measured by the strongest _ 
prism, base outwards, which can be borne without pro- 
ducing diplopia in the nearest possible vision, 

‘The convergence synkinesis is so co-ordinated that the 
energy exerted is accurately divided between the two 
internal reeti. Hence it is found that the effect is the 
same in the above experiments whether the prism is 
placed before only one eye, ora prism of half the strength 
is placed before each eye. 





CHAPTER XXYVIL. 


RTIO ATRABISMUS, NYSTAGMUS. 
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Strabismus (orpéper, to turn) or eqvint is a goneric 
term applied to all thos conditions in which the visual 
axes assume a position relative to each other different 
from that required by the physiological conditions. Stra» 
bismus may be provisionally divided into two great group 
(1) those due to known cause; (2) those due to unknown 
cause. To the first group belong (a) those due to paresis 
or paralysis of one or more of the extrinsic muscles— 
paralytic strabismus ; (b) those due to irregular activity 
or ovor-nctivity of individual muscles or groups of muscles 
—a sub-group which I propose to designate kinetic 
strabizmus. To the second group belong (a) those cases 
which are characterised by the fact that the visual axes, 
though abnormally directed, retain their relative position 
in ull movements of the eyes; they are therefore termed 
concomitant or comitant strabismus. Another sub-group 
of the second class is (b) cases in which there is latent 

















atrabismus or heterophoria. 


Panstvno Stmapmvus. 





Signs and Symptoms.—(1) Limitation of Movement.— 
Tn paralysis of an ocular musele the ability to turn the 
oye in the direction of the normal action of the muscle 
is diminished or lost, In slight paresis the de ect in 
mobility may be so slight us to escape obser 
without special tests. In all positions in w 
ao 
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affected muscle is not brought actively into play the 
visual axes aesume their normal relationship. 

Limitation of movement is tested roughly by fixing 
the pationt’s head and telling him to follow the move- 
monte of the surgeon's finger. Tho finger should be 
held vertical in testing horizontal movements, horizontal 
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h eye can be obtained by taking 
the Bek of fixation, The patient is seated st the 
g the field of vision. With the 


the movements of eve 









perweter as for reont 
head fived the 





Kieant 





are of the pe 





periphery 
vewvaal Belt of fiver 


all ether aitect 





PARALYTIC AND KINETIC STRABISMUS. 581 


When the eyes are turned in the direction af the normal 
action of the paralysed muscle the affected eye remaina 
stationary, 1t deviates therefore relatively to the other eye; 
this position is called the primary deviation (Fig. 257). 
‘The angle of deviation is the angle which the line joining 
the object observed with the nodal point makes with 
the visual line. 

If the sound oye is covered bya screen, and an attempt 
is made to fix an object so situated that the paralysed 
musele is brought into play, it will be found that the 
eye behind the sereen deviates more than the primary 
deviation of the paralysed eye. For example, if the right 
external rectus is paralysed and the left eye is covered, 
then on attempting to fix an object situated to the right 
with the right eye the left eye will deviate very much to the 
right, so much in fact that its line of vision is well to the 
right of the object fixed. Hence, if the serocn is remoyed 
suddenly the left eye will spring back to the left so as to 
take up fixation. ‘This deviation of the sound eye is called 
the secondary deviation (Pig. 258). he reason why the 
secondary deviation is greater than the primary is the 
fact that in conjugate deviation of the eyes the nervous 
energy is equally distributed between the muscles of the 
two ayes. Now the effort to take up fixation with the 
paralysed or paresed eye is much greater than normal. 
Consequently the sound eye behind the screen moves 
through « greater distance than nonmal, i.c., through o 
distance corresponding with the oxcessive effort exerted. 
This feature is of extreme importance since it dis- 
tinguishes paralytic squint from the concomitant type 
in which the secondary deviation is equal to the primary. 

(2) Diplopia.—The chief complaint of patients with 
paralysia of an extrinsic muscle is often that thoy see 
double, Diplopia occurs only over that part of the field 
of fixation towards which the affected muscle or muscles 
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move the eye, If both eyes are functional and one 
deviates, i.e. if the visua laxes are not parallel in look- 
ing at 4 distant object, or if the amount of convergence 
ix not nccurately adapted to the position of the object 
in looking at a nenr object, binocular diplopia results. 
When the deviation is due to paralysis of one or more 
extrinsic muscles, the eye on the sound side fixes the 





Fie. 265.—Diageam of aseorlary devintion in paresis of the right 
ternal p S, soreen in front of left eye: » angle of 
scoondary de 








object accurately, whilst the other eye deviates. Suppose 
the right eye fixes accurately whilst tho left deviates 
inwards, A bright, sharply defined foveal imago is seen 
with tho right eye, ‘The image formed by the object on 
the left retina, falling as it does upon the line j 
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the nodal point with the object, lies to the nasal side of the 

retina. The patient being unconscious of the malposition 

of his eye orients the object subjectively as if the eye 

wore straight. He knows from experience that objects 

which form their images upon the nasal side of the 

retina are situated to the temporal side. He therefore 

projects the object with 

this eye to the left of its ° ° 

aetual position. This is /\ H 

called homonymous dip- / 

lopia, because the object / \ 

as seen by the right eye 

is to the right of the / 

object as seen by the left 

oye (Fig. 259). / 
If the loft oye deviates / 

outwards, heteronymoua or 

crossed diplopia results, i 

since the object as seen 

with the right eye lies 

apparently to the left of 










the object as seen by the t re 

loft eye (Fig. 260). Diagram of homony- 
Tn binocular diplopia il 

the image seen by the nodal. point 2 image of 0 


myainting eye (false or fermen at a is juloos as ita 
apparent imago) is loss 
distinct than that seen by the fixing eye (true image) 
since only in tho latter case does the image fall upon 
the fovea centralis, The angular displacement of the 
falee image is equal to the angle of deviation of tho oye. 
(8) False Orientation —It will be seen from what has 
already been said, that false orientation is a necessary 
accompaniment of binocular diplopia. Suppose that a 
patient whose right external rectus is paralysed shuts 
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his left eye and attempts to fix an object situated 
towards the right. Let him now quickly strike at the 
object with his extended index finger. The finger will 
pass considerably to the right of the object. This is 
called false projection. lt depends upon exactly the 
same principle ns the increase of the secondary deviation, 
The object is projected according to the amount of 
nervous energy exerted; 
since this is greater than 
that exerted under normal 
cirenmstances, the object 
is projected too far in the 
direction of action of the 
paralysed muscle. It is 
essential that the finger 
should be directed at the 
object quickly, otherwise 
the error is noticed and 
componsated for, For 
example, if under the 
same circumstances the 
patient is told to walk 
towards an object situated 
at some distance to the 
right, he first steps too 
far to the right, then 
recognises his mistake and corrects it. In old paralyses 
the patient may learn by experience completely to come 
pensate for the deficiency, 

(4) Position of the Head.—Vhe pationt holds his head 
so that his face is turned in the direction of action of 
the paralysed muscle. For example, in paralysis of the 
right external rectus the patient keeps his head turned 
to the right. The object of this manauvre is to abolish 
the diplopia and its attendant unpleasant consequences 








.— Diagram of heterony- 
}ous (crossed) diplopia 
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as much as possible. In complex paralysis the position 
of the head is still such as to relieve the diplopia to 
the maximum extent, the position being adopted 
unconseiously. 

(5) Vertigo, &e.—Vertigo, leading to nausea, and even 
vomiting, is due partly to diplopia, partly to false 
projection. It occurs chiefly when the paralysed muscle 
is called upon to exert itself. When the gaze is turned 
from the region of correct to that of false localisation, 
objects appear to move with increasing velocity in the 
direction in which the eye ie moving. The unpleasant 
symptoms are counteracted partially by altering the 
position of the head, or completely by shutting or 
covering the affected eye. 

Tn puralyses of long standing, false orientation 
gradually caases (ride supra). Diplopia also tends to 
disuppour or become less troublesome ; the pationt learns 
to ignore the impressions derived from the affected aye. 
Contracture of the antagonists of the paralysod muscle 
gradually sets in. ‘This hus the effect of increasing the 
primary deviation. Since the retinal image is thus 
thrown farther to the periphery, where the sensitiveness 
is lows (vide p, 78), ite euppreesion is facilitated, 

Inceatigation of a Case of Ocular Paralosis.—The 
patient usually comes complaining of diplopia. In some 
cases the nature of the case is obvious immediately from 
the strabismus or from the mannor in which the head is 
hold. In most cases these features are too slight to 
decide the diagnosis. 

(1) The first procedure should be to cover one eye in 
carder to determine whether the diplopia ix uniocular or 
binocular. 

(2) Having decided that the diplopia is binocular the 
patient should fix the surgeon's finger and the field of 
fixation of each eye should be carctully investigated 
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(vide p. 680). In cases of complote paralysis of one or 
more muscles it may be possible to make an accurate 
diagnosis from the observation of the defective move- 
ments combined with investigation of the exact positions: 
of the images of the finger in differont areas of the 
field of binocular fixation. In cases of paresis the 
differentiation of the images is too obscure ta permit of 
the solution of the problem by this means. 
(3) In such cases the diplopia must be investigated by 
more delicate tests, The 
i pationt is taken into a 
dark room. A red glass 
is placed before one eye 
in order to distinguish its 
imago. A lighted candle 
is then moved about in 
the field of binoeular fixa- 
tion at a distance of at 
least four feet from the 
"Fan arentlTeciae’ tae Sot patient, the pationt’s head 
Mique Ine through the ebart being keptstationary. The 
atoms the Unit of ihe delie-et ositions of «the (aaNet 
are accurately recorded 
™ ent vie 
jarte of the fleld of diplopia upon & chart with nine 
squares marked upon it 
(Fig, 261). The following data ave derived from this 
examination >— 
(a) The areas of single vision and of diplopin: 
()) ‘The distance between the two images in the areas 
of diplopia ; 
(c) Whether the images are on the same level or 
not; 
(d) Whether one image is inclined or both are erect; 
(e) Whether the diplopia is homonymous or crossed. 
These data, if concordant, aro sufficient to diagnose 
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the paralysis. The false image is determined by the 
direction in which the images ore most separated from 
each other. This is the direction of the normal action 
of the paralysed muscle. The false image can also be 
recognised by being the fainter of the two; by covoring 
one eye it can be shown to which eye this image 
belongs. 

It must be remembered that these tests are purely 
subjective, In many cases the patients are stupid or 
their intelligence is obscured by intracranial disense. 
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Fig, 262.—Wemer's ninemonie for diplopin in puralyses of extrinsic 
ocular muscles, The dotted arrow shows the relationship of the false 
image te the true for each extrinsic mv 

Consequently the answers are not infrequently disx- 

cordant, and accurate diagnosis may be extremely 

difficult or impossible. 

The nature of the diplopia and the position of the 
images in each of the nine arens of tho field of fixation 
should be worked out by! the student for paralysis of 
each individaal muscle. In performing this exercise he 
should rely upon his knowledge of the anatomy of the 
muscles and their consequent action in each position of 
the eye. Considerable ingenuity has been used to devise 
mnemonics for determining the position of the false 
image. One of the most satisfactory is shown in the 
accompanying diagrams (Fig. 262), but the student 
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is even more liable to forget the mnemonic than his 
anatomy of the muscles. 

Varieties of Ocular Peralysis.—Ii one muscle alone is 
affected it ix generally the external reetus or the superior 
oblique, since each of these is supplied by an independent 
nerve, 

Affection of several muscles simultaneously is usually 
due to paralysis of the third nerve. All the extrinsic 
and intrinsic muscles of one or both eyes may be 
paralysed—ophihalmoplegia totalia, 1€ only the extrmsic 
muscles are affected the condition is called opkthaluio~ 
plegia externa; if only tho intrinsic (sphinetor pupille 
and ciliary muscle) ophthalmoplegia interna. 

Conjugate paralysis is the term applied to abolition of 
certain synkineses. Thus, ability to look up, to the 
right or left, or down, may be lost. Inability to converge 
may also occur. Such defects might be conveniently 
termed aymparalyses. 

Paralysis of the External Rectus.—There is limitation 
of movement outwards, and the face is burned towards 
the paralysed side, Diplopia occurs on looking to the 
paralysed side. It is homonymous; the images are 
on the same level, and erect, becoming more separated 
on looking more towards tho paralysed side. The false 
image is slightly tilted on locking up or down as well 
as towards the paralysed side. 

Paralysis of the Superior Oblique.—There ia limitation 
of movernent downwards and towards the paralysed side; 
the face is turned downwards and towards the sownd side. 
Diplopia occurs on looking down (Fig. 269 It is 
homonymous; the false image is lower and its upper 
ond is tilted towards the true image. The distance 
between the images and the inclination of the false 
image increase on looking down and towards the para- 
lysed side, ‘The patient has great difficulty in going 
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downstairs, and vertigo is usually a particularly prominent 
symptom. 

Paralysia of the Third Ner In complete paralysis of 
the third nerve there is ptosis, which prevents diplopia. 
On raising the lid with the finger the eye ie seen to be 
deflected outwards and somewhat downwards, owing to 
the tone of the two unparalysed muscles. The pupil is 
dilated and immobile, and aecommodation ix paralysed. 
There is a slight degree of proptosis, owing to loss of 
tone of the paralysed muscles. There is limitation of 
movement upwards and inwards, to a less degree down- 
wards, With the lid raised 
there is diplopia, which 
is crossed, tho false image 
being higher, with its 
upper end tilted towards 
the paralysed side. 

Paralysis of the third 
nerve is often incomplete, 
and individual muscles may 
oceasionally be affected 
alone. nig, 26g cet fe 

Etiology —Paralysis. of » 
ocular muscles may result from a lesion situated in any 
part of the nerve tracts from the cerebral cortex to the 
muscles. Tho site may therefore be intracranial or intra- 
orbital. Cortical lesions usually cause loss of synergic 
movements, ¢9., conjugate deviation, but simple ptosis 
may be due to such a lesion. The diagnosis of nuclear 
and peripheral lesions depends largely apon knowledge 
of the anatomical relations of the nuclei and nerves. 
It is beyond the scope of this work to treat the subject 
exhaustively here. It may be mentioned that paralysis 
of the external rectus, sometimes bilateral, is common 
in babies. It may be due to the use of forceps during 
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delivery, the sixth nerve being most exposed to pres- 
sure, or to maldevelopment of the nucleus. In the 
latter case there is loss of conjugate deviation to 
the same side (ride p, 522), and the seventh nerve is 
normal. In aequired sixth nuclear paralysis in adults 
the seventh nerve is usually implicated (vide p, 522), 
In congenital paralysis of the external rectus oon- 
tracture of the antagonists does not occur. Other 
nuclei muy be maldeveloped, ar they may be picked 
out by the lesions of syphilis, tabes, or disseminated 
sclerosis. 

Ophthalmoplegia may be due to syphilis, tabes, polio- 
encephalitis superior, or in rare cases to other causts. 
Tt may be congenital. As a progressive condition, 
associated with ptosis, it occurs as a sign of myasthenia 
gravis. 

Other intracranial ocular paralyses are caused by 
affections of the blood vessela—hemorrhage, embolism, 
thrombosis, &e., or external pressure—tumours, blood 
clots, periostitis, dc. 

Ocular parulyses may also be due to diphtheria, 
diabetes and other toxic conditions, injury, &e. 

‘The prognosis varies with the cause. Ocular paralyses 
are 80 often early signs of grave nervous disease that the 
prognosis should always be guarded. Those due to 
peripheral disease, dependent upon syphilis or “rheuma- 
tism,'" may speedily recover. Long-standing cases 
rarely recover. 

Treatment.—Syphilitie casos should be treated by 
moreury and increasing doses of iodides, and this treat- 
ment should be applied to all doubtful cases. Some 
eases improve on salicylates, or colehieum and iodides. 
Dinphoresis may be used. Tho constant current is 
chiefly useful in keeping up the metabolism of the 
muscles until innervation is re-established. It probably 
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has little therapeutic influence upon the paralysed 
nerve. 

Occasionally symptomatic treatment affords relief to 
the patient. ‘The diplopia may sometimes be relieved 
by suitable prisms, but this treatment is rarely of 
much use owing to the variation in the amount of the 
deviation in different positions of the eyes. Occasion- 
ally good is done by exercising the weak muscle with 
strong prisms (vide p. 567). In old cases an operation 
may be indicated, usually tenotomy of the antagonist 
with advancement of the paralysed muscle. This puts 
the affected muscle under better mechanical conditions. 
Tt is only suitable for paretic, not paralytic, cases, and 
should never be adopted until all other means have 
failed. It is therefore seldom indicated. 

If diplopia is very troublesome and cannot be relieved 
by the means suggested, spectacles should be ordered 
with a ground glass in front of the affected eye. 


Kinetic Srrasiases. 


Aberrant forms of strabismus occur as the result of 
irvitative intracranial lesions, and are due, not to 
paralysis, but to irregular action or over-action of certain 
muscles, caused by unequal stimulation of the nerve 
centres or nerves. Such squints are common in menin- 
gitis and lesions of the mid-brain or cerebellum, such as 
tumours (glioma, tubercle, gumma, &ec.). The oecurrence 
of the squint only during epileptiform fits or its 
irregularity of type may render the diagnosis from 
paralytic squint easy, expecially when there are other 
prominent symptoms of cerebral irritation. In other 
cases, especially in tho early stages of the disease, the 
diagnosis from paralytic or concomitant squint may be 
extremely difficult. 
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Nyeraowes. 


Nystagmus |wverdgew, to nod) is the term applied to 
rapid oscillatory movements of the eyes, independent 
of the normal anovements, which are not affected. The 
oscillations are involuntary, though in rare cases normal 
persons can imitate them. Thoy are usually lateral, but 
vertical, rotatory, and mixed rotatory and lateral or 
vertical nystagmus are not uncommon. The condition 
is almost always bilateral, though the movements may be 
muel: more marked in one eye than the other. In such 
cases it many be necessary to examine the eye very 
curefully with the ophthalmoscope (corneal reflex, retinal 
vessels, &c.) before the presence of nystagmus can be 
demonstrated. Unilateral nystagmus does oconr, but it 
is probable that many of the cases deacribed are really 
bilateral, 

Nystagmoid jerks, ic., larger rhythmic jerking move- 
ments, most pronounced at the extreme limits of the 
normal movements of the ©: should be distinguished 
from true nystagmus. They are not uncommon in 
normal people under certain conditions—fatiguo, railway 
travelling, te. ‘Tbe fundamental cause is probably quite 
different from that of true nystagmus, though both 
may occur together. 

Nystagmos may he congenital or early infantile, or 
it may be acquired. These two groups of cases should 
also be carefully distinguished on account of their 
different pathological foundation. Congenital and early 
infantile nystagmus, i... nystagmus dating from birth or 
within a few weeks of birth, occurs in congenitally 
malformed eyes, in albinism, and in eyes with congenital 
or early developed opacities of the media, ¢.g., loucoma 
or anterior polar cataract due to ophthalmia neonatorum. 
‘The cause in these cases is inability 1o develop normal 
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fixation. Fixation is developed during the first few weeks _ 
of life, the eyes being moved aimlessly and independently 
bofore it is acquired. Any cause seriously diminishing 
the aeuity of macular vision occurring at this period is 
liable to give rise to nystagmus; if the eye ix blind, 
nystagmus is not developed. In some congenital cases it 
is impossible to discover suck a cause. In a few such 
cases ancestors or relations haye been albinos. 
‘stagmus may be acquired in infancy after the period 
at which fixation is developed. his form occurs in 
spasmus nutans, in which it is associated with nodding 
movements of the head. The nodding of the head may 
bo antero-posterior (affirmation), lateral (negation), or 
rotatory. The whole symptom-complex disappears in 
time—one of the few cases in which nystagmus disappears 
spontaneously. The nystagmus may disappear in one 
eye before the other; such cases may be mistaken for 
trne unilateral nystagmus. 

Nystagmus in adults occurs in disseminated sclerosis, 
disease of the cerebellum and of the semicircular canals 
(6 occasionally on syringing the ears). Some of these 
cases show analogy with hippus (rile p. 72), and like it 
fare probably dependent upon the rhythmic activity of 
nerve centres. Nystagmus may also occur in adults as 
fn “oceupation nourosis,” the commonest form being 
miner's nystagmus. This has been regarded as a 
myopathy, due to continued strain in unnatural situa- 
tions, ¢., continually looking obliquely upwards. ‘This 
explanation ix not completely satisfactory. 

Tu congenital and early infantile nystagmus the 
patient is wholly unconscious of the movements, since 
objects do not appear to move. Vision ix usually 
defective in spite of correction of errors of refraction 
which generally accompany the defect. In some cases 
of acquired nystoguius in adults objects appear to move. 
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The prognosis is good in spasmus nutans and in 
miner's nystagmus if the occupation is changed, though 
rocovery is slow. In all othor cases it is bad, though it 
tends to diminish with advancing years. Treatment is 
therefore palliative, consisting in correction of refraction, 
wearing smoked glasses in albinism, and treating any 
disease which may be prosent, 





CHAPYER XXVUL. 


CONCOMITANT STRABISMUS, 


HETEROPHORIA, 


Coxcomrmar Sraamsnvs. 


Is concomitant strabismus the visual axes, though 
abnormally directed, retain their abnormal relation to 


each other in all move- 
monts of the oyos. It 
differs therefore in this 
respect from paralytic stra- 
bismus, in which the rela- 
tionship of the visual axes 
to each other changes with 
every movement of the 
eyes in the direction of 
action of the paralysed 
muscle or in the resultant 
direction of action of the 
paralysed muscles when 
more than one is affected. 
The secondary deviation 
in concomitant squint is 
equal to the primary devia~ 
tion, a fact which demon- 
strates the absence of 
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Pro. 264. — Diagram of primary 
deviation tn concomitant conver- 
gent strabieinun. 


paralysis (Fign 264—5). The devintion of the visual 
axes may be convergent or divergent, the former being 


the more common. 


In every case in which the direction of the visual 
axes is aberrant paralytic strabismus must first be 


DB. 
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oliminated by testing the movements of the eyes in all 
directions with the finger. If these are found to be 
normal and there is no complaint of diplopia it may be 
concluded that there is no paralysia. Tt does not follow 
that thore is concomitant squint. The convergence or 
divergence of the axes may bo only apparent. A marked 
appearance of convergent squint is sometimes seen in 
myopic ayes, of diver- 
gent squint in hyper- 
metropic uyes. Th will 
he observed later that 
true concomitant eon= 
vergent squint is most 
commonly associated 
with hypermetropia, 
divergent with myopia, 
ie, the opposite of 
apparent strabismus. 
Apparent strabismus 
is due to the faet that 
the visual axis of the 
eye is very rarely coin- 
cident with the optic 
266). The 
the axis 
upon which the cornea 
and lons are contred, passes through the centre of 
rotation of the eye and approximately through the 
centre of the pupil. ‘The visual axis passes through the 
nodal point and the fovea contralis, thus crossing the 
optic axia and making a smal! angle with it, This angle 
ia very nearly equal to an angle which ix culled the 
angle gamma y; it is commonly spoken of clinically a8 
the angle y. In the emmetropic eye the angle y ix said to 
he positive, ie., the optic axis cuts the retina internal to 





F16. 265.—Dingram of secondary devia. axis (Fig. 
tion fm eoncomitant convergent str optic axis 
bismus, 
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the fovea centralis, In hypermetropic eyes the angle y is 


also positive but greater than in 
ommotropia. In myopia the angle 
y is absent or negative, i.¢,, the 
visual axis and the optic axis 
coincide or the latter euts the 
retina external to the fovea 
eentralis. 

Now, neither of these lines ca 
be seen, and the direction of the 
line of vision is judged by the 
position of the pupil. Hence the 
greater the size of a positive 
angle y the more the eye will 
appear to look outwards. If the 
angle y is negative the eye will 
appear to look inwards. There- 
fore in high hypermetropia there 
will be an apparent divergent 
squint, in high myopia an appa- 
rent convergent squint. 

Having decided that the case ix 
not one of paralytic strabismus, 
it is necessary next to show that 
it real, not only apparent. 
This is easily done as follows: 
The patient is told to fix the 
#argeon’s index finger, which is 
hold up atleast two fect from the 
eyes. If it is held closer, as is 
too often done, normal conver- 
gence will vitiate the result, The 
surgeon's left hand or a screen 
is held in front of the patient's 
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Fie, 266.— ak a 
Dimoa abt optic a5 
upon hich’ thy refrac 
Uvesurtncesarecentres ; 
Sf, toven centralis ; my 
nodal point; , cantee 
of rotation ; 0, point of 
fixation; © 9, line of 
fixation; Ow/, line of 
vision : Oe B, angle >, 
Tt in practically equal 
to Onb, which can be 
measured. In. natal 
peas the guide toa 
is taken from the centr 
of the pupils m8 dow 
pot ust 


wor 
embaly tren’ tha Genrd 
of the pupil, so that the 
result is always only 
ppproxtmate, 

is to the 
fa typermeteepin and 
emmetropla. 








right eye; the left eye will now be accurately fixing the 
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finger. The sereen is then moved so as to cover the 
left eye, fixation being now taken up by the right eye. 
If the right eye moves inwards or outwards st the 
moment when it takes up fixation there is a trae squint; 
if it remains absolutely motionless the squint is apparent 
only. . 
Having now eliminated both paralytic and apparent 
strabismus, it is almost certain that the case is one of 
trae concomitant squint (see, however, p. 561). Tn 
concomitant squint one eye maintains fixation whilst the 
other is adverted or abverted. If in the test just 
described the fixing eye is covered by the sereen, the 
deviating eye generally moves outwards or inwards 
through an angle equivalent to the angle of the deviation 
in order to take up fixation. At the same time the eye 
behind the screen moves inwards or outwards through 
exactly the same angle (secondary deviation). If now 
the sereen is removed it will generally be found that 
fixation immediately reverts to the first eye. Such a 
case is usually termed one of unilateral strabiamue. Ty 
some cases fixation is ctill retained by the second eye. 
If it ig 2o retained for a considerable period, ¢g., whilst 
the patient blinks several times, the squint is said to be 
alternating. Inquiry will then genorally elicit the fact 
that the patient sometimes squints with one eye, some- 
times with the other. Indeed, this may be noticed 
whilst watching the patient. Concomitant squint may be 
constant, or occur only at intervals— periodic. 

It has been mentioned that when the fixing eye is 
covered with the screen the deviating eye usually moves 
80 ns to take up fixation. In unilateral squints of long- 
standing this eye may remain motionless and can only 
be moved into the primary position by moving the 
finger. This is due to eccentric zation (vide p. 551). Since 
this only occurs with marked deviation of long-standing 
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there is generally no difficulty in distinguishing it from 
apparent squint. 

In performing the preliminary test to eliminate 
paralytic strabismas it will often be found that in trae 
concomitant squint with considerable deviation the eyes 
do not move as much as usual in the direction opposite 
to that of the deviation. Thus, in convergent squint it 
may be very difficult to get the oye to move outwards as 
much as normal, i.e., so that the margin of the cornea 
lies under the oxternal canthus. Similarly in divergent 
squint it may be very diffieult to get the eyes to move 
inwards as much as normal, i.¢., 0 that the margin of the 
cornea is well covered by the internal canthus. This defee- 
tive movement is commonly attributed to “insufficiency” 
of the external or internal reeti respectively. In convergent 
strabismus it is probably due, not to any defect in the 
external rectus or its innervation, but to the fact that, 
fixation being dependent upon one eye, there is little 
stimulus to outward movement as soon as the point of 
fixation has passed beyond the field of fixation of this 
eye, i., a8 soon as the nose cuts off vision of the finger. 
in many such cases the eye will move out quite com- 
pletely if the finger is moved rapidly. In divergent 
strabismus defective inward movement is sometimes due 
to mechanical eauses, viz., the size of the myopic oye 
(ride p. 561). 

Tt has already been mentioned that in concomitant 
strabismus there is no diplopia. It may be present in 
the earliest stages, but is invariably absent in the later. 
This is due to psychological suppression of the image of 
the squinting eye. In most cases this is aided by actual 
dofect, usually ametropia, in this eye, but this is not the 
complete explanation, since suppression Of the image 
of the squinting eye is also the rule in alternating 
suint, in which both eyes ure frequently quite normal. 
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Suppression isdoubtless aided in all cases by the peripheral 
situation of the image in the squinting eye, but there is no 
doubt that the seat of suppression is really in the brein ; 
that is, in the interpretation of the stimuli reaching the 
brain from the eyes those derived from the squinting eye 
are deliberately neglected. This ability to exclude the 
impulses derived from the equinting eye is an important 
point in attempting to arrive at the rationale of con- 
comitant strabismus. It follows from this fact that 
people with convergent squint have only anioeular vision, 
or, nt most, very imperfect binocular vision. 

Except in alternating strabismus the vision of the 
squinting eye is nearly always very defective. This is 
partly due in most cases to errors of refraction. In eon- 
vergent strabismus the eyes are nearly always hyper- 
motropic, with or without astigmatism, and often the 
squinting eye has greater ametropia. There can be little 
doubt that some such inherent defect may determine 
which eye will deviate, though it is probably never the 
fundamental enuse of the squint. 

In some cases the vision in the squinting uye ix 
defective beyond any explanation derived from objective 
defects—ametropia, &c. In some such eases there is 
reason to believe that the defective vision dates from 
birth—congenital amblyopia, In all unilateral squints of 
long-standing, very defective vision in the squinting eye 
is the rule, This is commonly attributed to the pro- 
longed suppression of the images derived from this oye, 
and is hence called amblyopia ex anopsid. This explana- 
tion is not altogether satisfactory, since casos are well 
known in which vision has long been excluded by con- 
genital caturact, yet ix quite good after successful 
operation. ‘The vision in the amblyopic eye is often 
reduced to 0/00, and may be reduced to counting fingers. 
Where are cases of recovery of sight after loss of the 
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fixing eye. The visual acuity may be greater in the 
falso position than when the retinal image falls upon the 
fovea (eccentric fixation). All power of fixation may be 
lost by the amblyopic eye. 

Tt has already been mentioned that the gross 
movements of the eyes are nearly or quite perfect in 
concomitant strabistaus. This applies equally to dyna- 
mic convergence and accommodation, ‘The eyes start 
in an abnormal position, and normal movements are 
superposed upon this, Thus, in fixing a near object, the 
normal amount of dynamic convergence is superposed 
upon the abnormal static convergence or divergence. 

Concomitant strabismus always commences in child- 
hood, generally in early infancy. It must, however, be 
carefully distinguished from the squinting which normally 
ceeurs during the first few weeks of life, before fixation 
is developed (vide p. 548); this is not concomitont. 
Many important factors in the wtiology of concomitant 
strabismus are known, and a proper appreciation of 
them is essential to rational treatment. No theory of 
the fundamental causation which has yet been advanced 
satistuetorily explains the eondition. 

Attention was early drawn by Donders to the common 
associntion of convergent strabismus with hypermetropia. 
He explained the relationship by the fact of the normal 
associntion of convergence and accommodation (eide 
p. 525). Hypermetropes have to exercise an effort of 
accommodation to see distant objects, still more to see 
near objects. Whe effort of accommodation is associated 
in the normal person with o corresponding effort of con- 
vergence. If this rule be supposed to hold good for 
hypormetropes, the strong aceommodation may be 
regarded as inciting an effort of convergence whieh ix 
excessive for the actual point of fixation. The hyper- 
metrope is therefore in a dilemma. He must either 
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converge accurately for the object, in which case he will 
not accommodate sufficiently to see it clearly: or he 
must accommodate accurately for it, in which case he 
will converge too much. This will cause homonymous 
diplopia, unless he is able to suppress the image of one 
eye, which is exactly what the patient with convergent 
strabismus does. 

Regarding divergence as negative convergence, the 
association of divergent strabismus with myopia is 
explained by the same theory, 

There is no question that this factor ix one of great 
importance, aa is shown by the cure of some cases of 
squint by suitable correcting glasses. Ib is not, however, 
the fundamental cause of squint, for if it were, @) all 
uncorrected hypermetropes would have to squint; (2) 
there would be ametropia in all cases of concomitant 
strabismus. ‘The latter corollary is found to be false, 
for convergent strabismus, other than apparent strabis- 
mus, i¢ occasionally found to be associated with myopia, 
‘ond in alternating strabistaus it is the rule to find little 
or no ametropia, 

In spite of these facte the great importance of the 
association between accommodation and fixation must be 
strongly insisted upon. Convergent strabismus most 
frequently develops between the ages of two and six, its, 
just at the period when the fixation of near objects 
throws a strain upon accommodation. Tt is often 
periodic at this stage, and noticed only when near 
objects are looked at. Moreover, there is an undoubted 
tendency for the deviation in all cases of convergent 
strabismus to diminish with age, ie, with the dimi- 
nution of accommodation. The relative infrequeney 
of convergent squint in adults, compared with its 




















frequency in children, cannot be oxplained solely 
by the fact that many cases undergo successful 
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treatment. It may be remarked that the amblyopia 
persists in the formerly squinting eye; hence in every 
case in whieh satisfactory objective evidence of the cause 
of defective vision in one eye cannot be discovered, the 
pationt should be asked if he ever squinted. 

As already mentioned, greater ametropia in one eye, 
opacities in the refracting media, intraocular disease, &e., 
are never the fundamental cause of strabismus, though 
they may determine the particular eye which loses 
fixation. This is especially the case when concomitant 
squint is preceded by latent squint (q.v). It is easy to 
understand that when there is disturbance of muscular 
equilibrium which can only be overcome by special effort, 
any slight defect in one eye may determine the develop- 
mont of a manifest squint. 

The application of Donder’s theory to divergont 
strabismus associated with myopia has been mentioned. 
Here, since near objects are seen with little or no 
accommodation, the impulse to convergence is too weak. 
Since infants are rarely myopic, this form of divergent 
squint does not develop in early childhood. There are 
other factors besides deficient accommodation which tend 
to produce divergence in myopia. One is the mechanical 
conditions of the myopic eyeball, which, being abnormally 
large and long, adapts itself to the axis of the oriit. 
Further, tho internal recti act under mechanical dis- 
advantage from the same cause. Moreover, in very high 
myopia the far point of the eye is 30 cloge to it that it is 
impossible for convergence to be effectual—it becomes 
impossible to see the object with both eyes at the same 
time. ‘he better eye is then used and the other is 
allowed to take up the position of rest, which is usually 
one of divergence, Such a strabismus may remain 
periodic for near work only for many years; in other 
cases it becomes constant. 
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Spontaneous cure never occurs in divergent strabis- 
mus, whieh tends to increase with ago. 

Concomitant strabiemus has proved a fertile field for 
conjecture. There are several points bearing upon the 
subject which are obseure, such as the development of 
fixation and of binocular vision, the occurrence of con- 
genital amblyopia, and of amblyopia ox anopsia, &e. 
Many theories relating to these pomts have been stated and 
re-stated so frequently that they are accepted as facts, Tn 
reality, many ave not susceptible of demonstration, and 
none have been proved. The theorist on strabismus 

accepts the “ facts" which fit 
his theory, and rejects the 


remainder. 
LO ‘The prevailing theory at the 
present time is that strabismus 
is due to defect of the fusion 
R , E faculty, or the capacity af com- 
Mattos ofthe’ cemmal ining peyehologieally the im- 
= Cg pathy ‘he pressions derived from the two 
eyes. Some authors go sofaras 
to hypothecate a “fusion centre” in the brain. No one 
will deny that the fusion of the images derived from the 
two eyes in binocular vision is an act in consciousness, 
and that it has a physical basis, This physical basis is 
‘a sot of accurately co-ordinated nerve impulses. Binoealar 
vision, then, depends upon the accuracy of co-ordination 
of those impulses, and this isa function of the nerve-com- 
Plex 4s a whole, not of any particular “centre” It is 
iwleed posible: that strabismus is cansed by inco-ordina- 
tion of the afferent impulses upon which MMnoedlar 
Vishow depos, thongh this advances the trae setiolagy 
Ot Ure disease taut litte Tn is just as probable 
Wat the inooontination or deficiency of the afferent 
Wuyi is Wo nweult of the strabismus, whiels ie itself 
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dae to some other cause; or both may be due to a 


common cause, 


In every case of concomitant strabismus the angle 


of the deviation should 
be measured, so that the 
effects of treatment may 
be wccuratoly observed. 
A rough indication of the 
angle of the squint can 
be obtained from the 
position of the corneal 
reflex when light is 
thrown into the eye with 
the ophthalmoseopic 
mirror (Fig. 267). The 
light is thrown in from 
a distance of about two 
feet, and the patient is 
told to look at the 
mirror; an infant does 
this reflexly. In the 
fixing eye the corneal 
reflex will be in the 
centre of the pupil, or 
slightly to the inner side 
if thoro is a large angle y, 
to the outerside if there is 
a nogntive angle 7. The 
light is then turned on to 
the squinting eye. If 











= Diagraiof Priestley Smith's 
Tor measuring the angle of 
squint. B, right eye with internal 
squint ; Ly left eye; O, ophttatmo- 
OF, gnufunted taper F, 
point (observer's Huger) | 
The angle a 
ich i equal to 0 












ob 


angle of the eqoint 





the reflex ix about half-way between the centre of the 


pupil and the corneal margin, there ix a deviat 
about 20°; if itinat the corneal margin, about 45°. 


test is only « rough one. 


The best test in children is with Priest: 





mith's tape 
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(Big. 268). ‘This consists of a tape 1 metre or 60 cm. long, 
with a ring at each end. Yo one ring m second tape is 
attached, having a tangent scale upon it. The gradua- 
tions are, of course, different, according to the length of 
the first tape, At the other end of the tangent tape is & 
small weight The measurement is carried out m the 
dark room. The free ring is held by the patient or an 
assistant on tho cheok immediately below the fixing eye. 
‘The surgeon passes one finger of the hand, whiek also 
holds his ophthalmoscope, through the other ring, and 
keeps the tape taut. With his disengaged hamid he holds 
the tangent tape at right angles to the distance tape, at 
the same time holding up the index finger as an object 
of fixation. ‘The light from the ophthalmoscope is 
thrown into the squinting eye, and the patient is told to 
look at the fixation finger. This is moved along the 
tangent tape until the corneal reflex is in the contre of 
the pupil. The angle of the squint is then read off on 
the tape. The direction in which the tangent tape is 
held, whether to the surgeon's right or left, depends, of 
course, upon the side of the squinting eye and the nature 
of the squint, whether convergent or divergent. This 
test is by far the best for small children of any yet 
devised. 

‘The angle of deviation can also be measured with the 
porimeter (Fig. 269). The sqainting eye is placed at the 
centre of the arc, and the patient fixes an object six metres 
erg, situated slichtly over the position of the ondinary 
fixation spot of the perimeter. The are of the perimeter 
is turned to the horizontal position on the side towards: 
which the squinting eye is directed. The surgeon passes 
acandle thame along the are anti the corneal redex is in 
the contre of the comes of the squinting eye. He then 
Toads off the angle of Ube squint ou the are. IE extreme 
accuracy ts deattad, the angle > showhl be messared and 
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allowed for. ‘This is done by covering the sound eye 
and making the patient fix the fixation spot of the peri- 
moter with tho squinting eye. ‘I'he candle flamo is ngain 
carried slong the are until the corneal rofles is again in 
the centro of the cornes. ‘The angle y is read off on 
the are. This method is not suitable for children, and 
ean only be employed with intelligent adults. The great 
objection to it is the great tendency to fix the ordinary 
fixntion spot of the perimeter instead of a distant spot in 
the same line of 
vision. Tt this 
mistake ix made 
the very consider- 
able convergence 
for the near spot 
is added to the 
mensure of the 
squint, which is 
therefore e 
ted considerably | 
too high in con- 
vergent strabis- 
mux or loo low in 
divergent. 

Tho angle of deviation can also be conveniently 
measured on a tangent scale set against the wall, the 
corneal reflex of a candle flame being agnin used as a 
guide. 

Treatment.—The routine treatment of a case of 
concomitant convergent strabismus in a child is as 
follows :- 

(2) Record the distant vision of each eye if the child 
is not too young, the angle of the deviation, &c. Order 
ung. atropini, | per cent., three times a day for nt lonst 
four days. At the end of this period ontimate the error 
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Measurement of the angle of 
int by the perimeter. 
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of refraction by retinoseopy and confirm the result sub- 
jeetively if possible, reliance should be placed on the 
retinoseopy rather than on subjective tests. Again 
measure the angle of the squint, which is likely to be 
Joss under atropin than without a mydriatic. Order the 
full correction for constant use, A smaller ecorreetion 
for the effect of atropin should be made than in hyper- 
metropia without squint. If the error is considerable 1 
usually subtract only 0°5 D for atropin instead of 1 D; 
if the error is small I order the full atropin correction to 
stert with. Great care must be taken to correct all 
astigmatism, especially in the squinting eye. The patient 
is told to return in a month. 

If the child is less than two years old I do not order 
glasees except in rare cases, Some surgeons order them 
im all cases, I prefer to eliminate accommodation by 
keeping both eyes under the influence of atropin; the 
1 per cent. ointment need be instilled only once a day. 
The child should be examined at regular intervals until 
it is considered advisable to order glasses. 

(2) After the glasses have been nsed constantly for a 
month the child is again examined. The vision ix tested 
and the angle of the sqaint again measured: The treat 
ment now depends upon the condition of the vision in 
the squinting eye. If, as ix usually the case, this eye is 
amblyopic, an effort should be made to improve the vision 
in it by continual exercise. In order that this eye may 
be used the other eye must be prevented from seeing, Or 
at any rate from seeing clearly. This may be dome by 
placing a pad of cotton wool under the glass in front of 
the fixing eye for a certain period, ¢g., }—1 hour, thres 
or four times aday. This method is liable te be neglected 
of carried out inefticiently. A better method is to order 
the instillation of atropin tty the Aring ope only, once & 
day, The child is examined at intervals of a month or 
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two, and any improvement in vision in the squinting eye, 
as well as any change in the angle of deviation, carefully 
recorded. ‘The treatment requires watching, as in some 
cases the deviation becomes transferred to the atropised 
eye, and the vision in this eye may deteriorate. 

(8) ‘The further treatment depends upon the size of 
the angle of deviation, the condition of vision in the 
squinting eye, and a yariety of other factors which differ 
in each case. If there is any evidence of some degree 
of binocular vision it may be advisable to attempt to 
cultivate this by orthoptic treatment. This consists 
essentially in specially devised stereoscopic exercises. 
It is excessively tedious and seldom successful. It has, 
however, one overwhelming argument in its favour, viz., 
that whon successful it cures the squint. The cure ix 
complete, i.e., the patient is placed in the same condition 
as a normal pers his eyes are straight und he has 
binocular vision. No other treatment can be said to 
care the disorder. The eyes can be put straight, bab 
this cures only the deviation ; the other elements of the 
disordor remain unaffected. Unfortunately orthoptic 
treatment succeeds only in very favourable cases, and 
then only after prolonged and very persevering offorts. 
Tn the majority of cases it is useless to attempt it, and 
in all cases it is useloss unless carried out systematically 
and thoroughly. For the details of this treatment 
Monographs on the subject must be consulted, 

Orthoptie treatment may demand operative procedure 
at this stage or even earlier, If orthoptic treatment is 
considered hopeless or has Leen abandoned the. further 
treatment consists in continuance of that described 
under (1) and (2), but the question of the advisability of 
operative interference has now to be considered. 

(4) Operation.—Surgeons differ so much in the 
principles which influence them in advising operation 
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aml in the natare of the operation employed that it 
will be best to describe the treatment which I adopt 
myself. 

If the deviation is 10° or less tenotomy of the internal 
rectus of the squinting eye should be performed, under 
general anesthetic if necessary. This will eure the 
deviation or reduce it to a negligible quantity. 

It the deviation is more than 10°, advancement of the 
external rectus of the squinting eye, usually with 
tenotomy of the internal rectus of the same eye, will be 
necessary. This operation shoald be performed under a 
general anesthetic only in very rare cases—indved only 
in eases in which orthoptic treatment is indieated. The 
operation should therefore be postponed until the child 
is old enough to be operated apon under eocain. ‘The age 
varies with the individual; some quite young children, 
.g., under ten, submit well if judiciously managed. The 
operation is quite painless, except when tension is put 
upon the muscle. It is almost impossible to avoid slight 
tension during certain stages, bat it need only be 
momentary. The objection to operating under a general 
anastbotic is that the position of the eyes varies so much 
in different stages of anwethesia that it givee no criterion 
of the final position after the anmsthetic bas passed off. 
Very good results can, however, be obtained by an 
experionced operator if he keeps firmly in mind the 
actual amount of the deviation and ignores thé position 
actually present under the angsthetic. 

‘The treatment of alternating concomitant convergent 
squint without appreciable errer of refraction is parely 
cosmetic These pationts have no binceular vision, and 
i is uselees to attempt to dewedop it unless the cxse is 
soon when the patient is very young, oc immedintely 
alter the <quint bas been first motived Usanily there 
consitor lite deviation, = that en adtancement operation, 
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is required, This should be postponed until a perfect 
result can be guaranteed, ic., until the operation can be 
performed with local anmsthesia. 

The treatment of concomitant divergent strabismus is 
similar to that of the convergent type. The refraction 
must be first carefully corrected, and it is advisable to 
order a full correction for constant use unless the 
myopia is very high. Tenotomy of the external rectus 
is seldom indicated in these cases because the benefit 
derived is too slight; an external tonotomy will not 
correct much more than 5° deviation, Advancement of 
the internal rectus should be left in most cases until it 
can be performed under cocain. No operation is advis- 
able in very high grades of myopia, since the size of the 
eye may render success mechanically impossible (vide 
infra). 

Divorgont Strabiemus other than Concomitant and 
Paralytic,—There are cases of divergent squint which are 
not paralytic, nor are they strictly concomitant. Some of 
those are very nearly allied to the trae myopic divergent 
squint and may arise from it, ¢.g., the divergence of the 
worse eye after binocular fixation has been completely 
abandoned. Similarly the mechanical divergence of 
extreme myopia is neither concomitant nor paralytic. 

Another form of divergence, allied to the unilateral 
divergence in unequal myopia, is met with occasionally 
in any form of anisometropia in which the difference in 
refraction between the two eyes is great. In these eases, 
which are seldom susceptible of full correction (vide 
p. 50%), one eye only is used for fixation, It is not 
surprising, therefore, that the unused eye nssumes a 
position of rest, which is usually one of divergence. It 
is more surprising that relatively fow such cases of 
anixometropin develop a manifest squint, When a squint 
is developed the patient not infrequently complains of 
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diplopia, which is the more trying the less the divergence. 
‘These cases are difficult to treat. Prolonged use of the 
fullest possible correction, aided by stereoscopic exer 
cises, should be tried first. If this fails tenotomy of the 
external rectus of the diverging eye may effect « cure in 
slight devistions. In other eases an advancement is 
indicated ; in such cases extreme delicacy of manipulation 
is reqnired. 

An eye may diverge as the reeult of over-effect from 
an internal tenotomy. Such cases were at one time not 
uncommon, owing to an attempt being made to obtain a 
greater effect than can be reasonably expected from the 
operation. This is only attainable by liberating the 
mausele very freely from Tenon’s capsule; it ix then 
prone to slip back so thot it fails to become re-attached 
to the globe. This squint therefore resembles completely 
a paralytic squint. The muscle should be re-advanced. 
It will usually be found embedded in the tissues lying 
under the caruncle. Perfect movement is seldom 
regained. 

Finally, a blind eye diverges sooner or later. 


Larexr Sreamswus on Herexornonta. 


It is found in some apparently normal persons that in 
the sereen test (ride p. 547), when the sereen is removed 
from before one ere, that eye moves slightly inwards or 
outwards to regain binocalar fixation; if the sereen is 
placed in front of the other eye and then removed, thi 
eye also moves slightly inwards or oat wards respectively 
to regain fixation. When both eyes are fixing there is 
wo deviation, Such a squint is called a latent squint, of 
in opposition to the normal condition of orthophorssa, 
beteropboria. If the lateot squint is one of convergence 
the condition is called esophoria, of divergence exophoria. 
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Sometimes one eye is higher than the other; this condi- 
tion is usually called hyperphoria: as a matter of fact it 
is impossible in these cases to be sure whether there is 
absolute hyperphoria of one eyo or bypophoria of the 
other, the condition being a relative one, 

It must be concluded that when the eyes are screened 
they take up a position of rest, the extrinsic muscles 
exercising merely their normal tone. In cases of latent 
squint the position of reat is not orthophoria, with the 
visual axes parallel, but heterophoria, with some devia- 
tion of the axes. During normal vision the requirements 
of binocular vision demand a suitable readjustment of 
the visual axes, which can be brought about only by tonic 
contraction of certain muscles—in esophoria of both 
external recti, in exophorin of both internal recti. This 
involves a perpetual strain, which often manifests itself 
as asthenopia. As might be expocted the devintion is 
lisble to become manifest in conditions of bodily 
fatigue. Some periodic squints are duo to this cause, 
and the periodicity may be very rhythmic. Thus a child 
may squint in the evening when ho is tired ; after a good 
night's rest the squint has disappeared, and may not 
return until the second or third day, the sequence being 
accurately repented. Often latent squints give no trouble 
until school time arrives or adult life is reached. Here 
the demands of near vision increase the strain. No 
symptoms arise perhaps until after reading or writing for 
an hour or two. Then “the letters seem to run together.” 
This is due to relaxation of the overstrained muscles ; 
the cyes momentarily assume the position of rest, and 
diplopia, which is not realised as actual double vision, 
causes blurring of the print. With an effort the blurring 
is overcome, but eventually this become impossible, 
headache supervenes, and the work has to be 
abandoned. 
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Analysis of the cases shows that slight eso. and 
exo-phoria are quite common and give rise to little or no 
trouble. ‘This is not diffeult to understand, when it is 
remembered that overuction of both internal recti is 
physiological in ordinary convergence on near objects. 
‘These museles are therefore accnstomed to act together 
and little strain is felt. The same is true in less degree 
of the external recti. Only when the deviation is great— 

"—10° or more—is asthenopia frequently present. 
Very slight degrees of hyperphoria, however, almost 
invariably cause extreme discomfort, for im these cases 
overaction of muscles whieh 
are not accustomed to work 
together is necessary in 
order to keep the visual axes 
in the same plane. For in- 
stance, in the primary posi- 
tion of the eyes there must be 
oversetion of one superior 
rectus and inferior oblique, 
combined with overaction of 
the other inferior rectus and 
superior oblique, and the 
readjustment in other positions of the eyes must be very 
complox. 

It may be impossible to discover slight degrees of 
heterophoria by the screon test. Moro delicate teats 
have therefore been devised. All depend upon dis- 
associating the two eyes. The simplest mothod of doing 
this is that of so altering the appearance of the retinal 
image in one eye that it affords no stimulus to fasion 
with the image of the other eye. 

‘Tho patient is placed six metres from a candle or bright 
spot of light ina dark rod. A Maddox rod (Fig. 270), 
which consists of four or five cylinders of red glass side by 





FG, 270 —Madidive tod, 
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side in a brass dise, is placed in the trial frame before 
one eye. The spot of light seen through the red 
cylinders appears as a long red line. If the cylinders 
are placed with their axes horizontal the red line will be 
vertical. If there is orthophoria the bright spot will 
appear to be in the centre of the vertical red line: if 
there is es0- or oxo-phoria the red line will be to one 
side of the spot. The angle of the deviation is measured 
by the strength of the prism which it is necessary to 
place in front of the Maddox rod in order to bring the 
red line and the spot together. The nature of the devia- 
tion is indicated by the position of the base of the prism, 
whether out or in. 

‘The Maddox rod is then turned round so that the 
cylinders are vertical; the red line will now be hori- 
aontal. If there is no byperphoria the line will pass 
through the bright spot. If there is hyperphoria the red 
line will be below or above the spot according ws the 
relative hyperphoria is in the eye, with the rod in frent 
of it or im the other. Tho amount of deviation is 
measured Ly the strength of the prism required to 
correct it, 

‘The deviation in latent squint is often different in near 
vision from that in distant, so that both must be tested. 
The deviation in near vision is tested by means of a 
special card (Plate XV). A strong prism—about 12°—is 
placed base down or up before one eye. In orthophoria 
the arrows are exactly in the same vertical line. In 
eso- or exo-phoria the lower arrow paints to a number 
in the upper scale. This number gives the angle of 
deviation, which may be confirmed by counteracting 
the deviation with a prism base in or out before one 
eye. 

Besides the actual measurement of the deviation in 
latent strabismus the strength of the museles involved 
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should also be tested This is done by foreing them 
tos maximum effort against prisms. With the patient 
sonted six metros from a candlo tho highest prism, baso 
down, before the right eye, still permitting of single 
vision, gives the range of suporduction of that eye, Sab- 
duction and abduetion can be measured in the same 
manner, Adduction gives less concordant results. ‘The 
normal limits of super and sub-daction are 16° to 25°; 
of abduction 4% to 5°. 

Allied to these defects, though not strictly speaking a 
latent squint, is insufficiency or weakness of convergence. 
This will be revealed by the ordinary tests of motor 
balance. If there is more exophoria or less esophoria in 
near vision than in distant there is insufficiency of eon- 
vergence, The defect causes asthenopia in near work. 

Treatment.—The lower degrees of eeophoria, and to a 
less extent of exophoria, cause no symptoms and need 
no special treatment. Hyporphoria is most likely to 
cause asthenopic symptoms. It is corrected by ordering 
suitable prisms to be combined with the glasses which 
correct any refractive error. If the spherical error ix 
sufficiently groat the prismatic effect may be obtained by 
decentring the lenses. The total prismatic error should 
be divided equally between the two eyes in ordering 
the correction, Thus, if there is hyperphoria of 8° as 
measured by a 3° prism, base down before the left eye, 
@ prism of 14° is ordered before each eye, base up in the 
right, base down in the left. When this treatment docu 
not succood, and the deviation is considerable, tenotomy 
of the superior rectus may be necessary, but such cases 
are rare, and operative interference should not be lightly 
undertaken. 

‘The rational treatment of large degrees of eso: or exo~ 
phoria consista in exereising the weak muscles nyainst 
prisms. ‘This is usually only temporarily beneficial, bat 
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The conjunctival sac haying been douehed, and the 
speculum inserted, the conjunctiva is seized over the 
muscle and a vertical incision, 8—9 mm. long, is made 
with scissors. It must be remembered that the internal 
Tectns is inserted nearest, the external 
farther, from the eorneal margin (cide 
p. 517). ‘The tissue underlying the 
conjunctiva at the lower border of the 
muscle is then seized with the forceps 
and incised, care being taken to hold 
the seiscora so that they are tangential 
to the globo. If this is properly done 
Tenon’s capsule is opened. The hook 
is now taken in the right hand, which 
still retains the scissors, and the point 
is introduced into theopening in'lenon's 
capsule. It is passed luckwards, then 
upwards between the muscle and the 
selerotic. In this manwuvre the point 
of the hook must be kept firmly 
against the globe. The point of the 
hook appears at the upper border of 
the muscle. It is freed from any con- 
junctival or subconjunetival tissue 
which may cover it. The hook is drawn 
forwards until it lies close under the 
insertion of the muscle, but undue 
traction must not be exerted, since it 
causes severe pain. The hook is trans- 
ferred to the left hand. The point of one blade of the 
scissors ix introduced along the hook below the tendon, 
and the muscle is divided between the hook and the 
sclerotic. I'he hook should be introduced again and 
moved about in euch manner that any attachments 
which remain may be caught up and divided. 
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A pad and bandage are worn for two days, the eye 
boing freely irrigated with boracie acid lotion, 

With the esception of asmall punc- 
ture in the conjunctiva the whole 
operation ean be performed subeon- 
junctivally by an expert. ‘This has 
the advantage of preventing so much 
retraction of the earuncle in tenoto- 
mising the internal rectus as usually 
follows tenotomy by the open method, 
Tt is less easy ond slightly more 
dangerous. ‘The retraction of the 
earunele in the open method can be 
counteracted by inserting a conjune- 
tival suture (silk, No.0): this has the 
disadvantage that it must be removed 
im a few days. 

No attempt should ever be made to 
obtain a greater effect from tenotomy 
of the internal rectus than 10°, af PH. 27-"Silock's 
the external rectus, 5°. If a greater : 
effect is desired an advancement of the opponent must 
be performed. 

Advancemont.— Instruments required: speculum, fixa~ 
tion forcops, tonotomy scissors, stra- 


wuss 
bismus hook, Prince's advancement EY, 
forcops (Fig. 271), noodle holder SY 


rane 


(Fig. 272), curved needles (No. 2) 

(Fig. 273). Prince's mdlvancement 

forceps have one smooth blade and Pie. 274. — Qurvet 
one armed with sharp spikes which ment. Sie No, 2 
pass through holes in the smooth 
blade when the blades are locked. ‘These foreeps are 
usually made in right and left pairs. Thorn ix no 
Hecessity for this: it need simply be remembered that 
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the smooth blade must be passed below the muscle. 
‘Tho best needle holder is the one figured ; it has narrow 
jaws, so that the sharply-curyed needles are not broken 
by thoir proasure. 

Apart from exceptional circumstances (vide p, 559), 
advancement should always be performed under local 
anwsthesia. A few drops of adrenalin (1 in 1,000) should 
be instilled just before commencing the operation. 

‘The conjunctival sac having been douched, a mask of 





FG, 274.—Diagram of advancement operation, 


storile gauze is placed over the face (Fig. 274). A hole 
is cut in this, opposite the eye to be operated upon. 
The speculum is then inserted. The patient is told 
to look in the required direction, ey. in operating 
upon the right external rectus towards the left. A 
vertical incision is made in the conjunctiva over the 
insertion of tho muscle, as in tenotomy. A rect- 
angular flap of conjunctiva is then dissected up, parallel 
horizontal incisions being made from tho ends of the 
vertical incision, Tenon’s capsule is then incised at the 
lower border of the muscle and the hook introduced as 
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in tenotomy. The point of the hook is freed from sub- 
conjunctival tissue in the same manner. The smooth 
blade of Prince's forceps is passed along the hook, which 
is then removed. The forceps are closed, and locked by 
the spring catch. ‘They are handed over to the care of 
the assistant. The patient is then told to look in the 
opposite direction, the eye being kept steady by the 
assistant with the advancement forceps. The internal 
rectus is then tenotomised. 

‘The external rectus is now tenotomised by cutting with 
the scissors between the Prince's forceps and the sclerotic, 
The muscle is thoroughly freed from the sclerotic and 
held vertical by the assistant, without undue tension. 

‘The next stage consists in inserting the stitches (silk, 
No. 1). If the right external rectus is being advanced 
the stitches are passed from the muscle towards the 
cornea; if the left, in the reverse direction. We will 
suppose for the sake of description that the left external 
rectus is being operated upon. ‘I'he needle is grasped by 
the holder about half-way between the eye and the 
middle of the bend. It is passed into the episeleral tissue 
about 8 mm. from the corneo-seleral margin. It must 
be directed almost perpendicularly to the globe at first, 
so that a firm scleral grip is obtained. This is the most 
important and most diffienlt step in the operation. The 
needle is brought out about 1 mm. from its point of 
entry. In doing so pressure must be exerted in the 
direction of the curve of the needle; if the pressure is 
exerted in the direction of a chord of the are of the 
circle of curvature of the needle the latter will inevitably 
break. ‘The middle stitch is inserted first, i.¢., the noodle 
is introduced in the prolongation of the horizontal 
meridian of the cornea, Having obtained a firm anterior 
hold the needle is again grasped by the holder, this time 
nearer its eye, The muscle ix held vertical and placed 
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somewhat on the stretch. The needle is inserted on the 
posterior surface, ax far back as possible. Tt is passed 
through the muscle and conjunctiva and the thread is 
drawn through. 

The other two stitches are inserted in the same 
manner, one above, the other below the first. Instead 
of bringing them through the muscle and conjunctiva as 
before they should be passed through the muscle first, 
then through the anterior corners of the conjunctival 
flap. The sutures are kept carefully arranged in order 
over the gauze mask, which prevents them coming in 
contact with the face, &e, 

The sutures having been inserted the advancement 
foreops are removed by cutting through the muscle close 
behind them ; care must be taken nob to cut the sutures, 
‘The middle stitch should be tied first. A double turn is 
taken in the first stage of the knotting. Absolute 
parallelism in the visual axes is obtained as follows. A 
light is placed on the ceiling immediately above the 
patient's face. The gauze mask is slit through so that 
both eyes can fix the light. When the axes are parallel 
the corncal reflex of the light should be in the centre of 
each pupil. 1 usually tie the sutures with an ordinary 
surgical knot, but if desired thoy may be tied in bows, 
so that further adjustment may be made during the 
first fow days after the operation. The ends of the 
stitches must be eut short so that they do not touch the 
cornea. 

Both eyes should be bandaged for three days or longer. 
The stitches are removed under cocain in a week or ten 
days. A slightly astringent lotion may be used until the 
conjunctival injection has disappeared. Occasionally a 
Knob of granulation tissue appoars in tho wound ; this 
should be snipped off, The correcting spectacles must 
be used ns soon as both eyes are uncoverod. 
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The chief difficulty in performing advancement, as 
already pointed out, is getting a firm anterior hold for 
the sutures. It is a common opinion that the stitches 
tear out through the muscle. Consequently a great 
variety of fancy stitches have been devised for obtaining 
a firm posterior hold. I am convinced that this rarely 
happens, for the musele is surrounded by quite dense 
connective tissue which provonts tearing out. Whon an 
advancement fails it is because a firm grip on the sclerotic 
has not been obtained. It is useless to pass the needle 
through conjunctiva only; it must penetrate well into 
the episcleral, and even scleral, tissue. There is of course 





some danger of perforating the globe, and disastrous 
results have been known to arise from this eause; they 
are fortunately excessively rare, 








SECTION VI. 


DISEASES OF THE ADNEXA OF THE 
EYE. 





CHAPTER XXIX. 

DISKASES OF THE LIDS, 
Anatemy.—The lids are covered anteriorly by skin 
and posteriorly by mucous membrane — conjunctiva 
tarsi; they end in a free edge about 8 mm. broad— 





Fr. 275.—Disgram of sagittal section of upper Hd 


margo intermarginalis. The substance of the lids com- 
sists of muscles, glands, bload vessels, and nerves, all 
bound together by connective tissue, which is particularly 
dense at the posterior part, where it forms a stiff plate— 
the tarsus (Fig. 

The skin of # 








lids differs from that of the rest of the 
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body merely in its thinness, its loose attachment, and 
the absence of fat in its corium. It is covered with fine 
downy hairs, which are provided with small sebaceous 
glands, and thore are also small sweat glands. At the 
anterior border the hairs are specially differentiated to 
form a protection to the eyeball. The cilia or eyelashes 
are strong, short, curved hairs, arranged in two or more 
closely set rows. Their sebaceous follicles, like the 
cilia themselves, are specially differentiated, and are 
called Zeiss'x glands. Apart from being larger, they are 
identical with other sebaceous glands. The sweat glands 
near the edge are also unusually large and are known as 
Moll’s glands. They are situated immediately behind 





P40, 276,—Dingram of intermarginal strip, 


the hair follicles, and their ducts open into the duets of 
Zeiss's glands or into the hair follicles, not direct on to 
the surface of the skin as elsewhere, 

The margin or free edge of the lid is the part between 
the anterior and posterior borders—the intermarginal 
strip or margo inbermarginalis (lig. 276). It is covered 
with stratified epithelium, which forms a transition be- 
twoen the skin and the conjunctiva proper. Tho anterior 
border is rounded, the posterior, which lies in contact 
with the globe, is sharp. Tho capillarity induced by this 
sharp angle of contact is of importance in the propor 
moistening of the surface of the eye. Immediately 
unterior to the posterior border is a single row of minute 
orifices, just visible to the naked eye, These are the 
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orifices of the ducts of the Meibomian glands. Between 
this row of puncta and the anterior border is a fine grey 
line, which is important in operations in which the lid 
is split, as it indicates the position of the loose fibrous 
tissue between the orbicularia palpebrarum and the 
tarsus, 

‘The tarsus consists of dense fibrous tissue; it contains 
no cartilage cells, so that the term tarsal cartilage is only 
justified in so far as it defines the consistence of the 
plate. Embedded in the tarsus are some enormously 
develaped sebaceous glands, the Meibomion glands, They 
consist of nearly straight tubes, directed vertically, exch 
opening by a single duct on the margin of the lid. The 
tubes are closed at the upper end, and have numerous 
small cacal appendages projecting from the sides, filled 
with fatty glandular epithelium. The glands number 
from twenty to thirty, being rather fewer in tho lower 
than in the upper lid. 

The large bundlos of the orbicularis palpobrarum 
occupy the space between the tarans and the skin, The 
main central band of the levator palpebre superioris is 
inserted into the upper border of the tarsus; an anterior 
slip passes between the bundles of the orbicularis to be 
inserted into the skin of the middle of the lid; « posterior 
slip is inserted into the conjunctiva at the fornix. The 
inferior rectus and oblique muscles send fibrous strands 
forwards into the lower lid to be attached to the tarsus 
and palpebral ligament, 

Besides these striped muscles there is a layer of 
unstriped muscle in each lid, ‘These constitute the 
superior and inferior tarsal muscles of Muller. The 
fibres of the upper one arise amongst the striped fibres 
of the levator, pass down behind it, and are inserted into 
the upper border of the tarsus. The inferior lies below 
the inferior rectus and is inserted into the lower tarsus. 
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The arteries of the upper lid form two main arches, 
superior and inferior, the former lying between the 
appor border of the tarsus and the orbicularis, the latter 
in a similar position just above the hair follicles, In the 
Jowor lid there is usually only one arch near the free 
edge. There are two venous ploxuses in each lid; a 
post-tarsal passing into the ophthalmic voins, and a pro- 
tarsal opening into subcutaneous veins, 

‘The sensory nerve supply is derived from tho trigeminal. 
Nhe third nerve supplies the levator palpebnw, the seventh 
the orbicularis, and the sympathetic Miller's muscles. 





IsrLasiarion or THe Lips. 


Almost any of the inflammatory conditions which 
affeet the skin in general may attack the lids. Erysipolas 
ie dangerous in that it may spread to the orbit, leading 
to cellulitis and atrophy of the optic nerve, or meningitis, 
Herpes ophthalmicus is. often mistaken for erysipelas: 
its unilaterality, strict localisation to the course of 
branches of the ophthalmic nerve, and the characteristic 
formation of vesicles should prevent this mistake; 
permanent scarring remains after the attack. Eczema 
of the lids is eo n, especially associated with ph 
tenular conjunctivitis (y.c.) in children, Abscesses, boils, 
anthrax postule, and ulcers of various kinds may affect 
the skin of the lids. (idema of the lids may be 
inflammatory or passive, It is often associated with 
chemosis of the conjunctiva in severe eonjunctiy 
Great ademas is often caused by bites of parnasites, 
gnats, &. Ip unilateral @dema the condition of the 
lacrymal sac and nasal duct should be investigated ; it 
is often due to lacrymal abscess. In all cases of edozne 
the condition of the eyeball mast be determined, with the 
assistance of Dexmarres' retructors if necessary. (Edema 
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of the lids may be caused by serious purulent inflam- 
mation of the globo (panophthalmitis), of Tonon’s 
capsule, by phlegmon of the orbit or thrombosis of the 
cavernous sinus. Passive adema may be due to 
nephritis, heart disease, &e., or it may be angioneurotic. 

Blopharitis is a chronic inflammation of the margins 
of the lids. Tt may manifest itself ax a simple hyperamia, 
differing from that caused by weeping, exposure to 
tobacco smoke, &e, in being more or less persistent. 
‘The causes and treatment are the same a6 for the more 
severe forms of blopharitis. True blepharitix oceurs in 
two forms. In syuamous Wepharitis small white seales, 
tike dandruff, accumulate amongst the lashes; the latter 
fall out readily, but are replaced without distortion. If 
tho scalos aro removed the underlying surface is found 
to be hyperemic, bat not ulcerated. The condition ia 
probably a seborrhas. 

In ulcerative bepharitis yellow crusts glue the lashes 
together: on removing these small ulcers, which bleed 
easily, are seen around the bases of the lashes. The 
lashes fall out or are easily polled ont, and often are not 
replaced, of grow in a distorted form, owing to injury ta 
the follicles. Blepharitis causes redness of the edges 
of the lids, itching, soreness, Iaerymation, and 

“ photophobia.” 

The sequole of the ulcerative form sre serious. If 
not treated energetically and with perseverance the 
disease is extremely chronic, causing or being accom- 
panied by chronic conjanctivitis. Care must be taken 
to distinguish true blepharitis from matting together of 
the lids by conjunctival discharge; in the latter ease 
removal of the erusts reveals quite normal lid margins. 
The ulceration is lishle ty extend deeply, so that the hair 
follicles sre destroyed. Only a few small, seattered, dis- 
torted cilia are then found (madarvais). 


- 
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When the ulcers heal the cicatricial tissue contracts. 
Neighbouring hair follicles are drawn out of place and a 
false direction is given to the remaining cilia, so that 
they may rub against tho cornea (trichiasia). Or the 
development of cicatricial tissue may be extreme, so that 
tho edge of the lid becomes hyportrophied and droops in 
consequence of its weight (tylosis). 

‘The lower lid is particularly liable to be displaced by 
prolonged ulcerative blepharitis. ‘The contraction of 
the scar tissue drags the conjunctiva over the margin; 
the posterior lip of the intermarginal strip, instend of 
being acnie-angled, becomes rounded, so that its capil- 
larity is impaired, Tears thus tend to ran over 
(epiphora), a condition which is accentuated if the 
punctum becomes everted, so that it ceases to lie in 
accurate contact with the bulbar conjunctiva (vide p. 611). 
‘The continual wetting of the skin with tears lends to 
eezerma, which is followed by contraction. This condition 
is made worse by perpetually wiping the oyes, so that 
eventually ectropion is developed. This causes still more 
epipbora, 4 vicious circle being set up. 

The causes of blepharitis are wultitudinous. The 
patients aro usually debilitated, from living under poor 
hygienic conditions or from disease, ey., anemia, 
tubercle, syphilis, &c. The condition muy follow chronic 
conjunctivitis, or be induced by the same causes, 
especially smoky atmosphere, heat (stokers, cooks), tate 
hours, &c. It is undoubtedly often associated with 
uncorrected errors of rofraction, especially byperme- 
tropia and astigmatism, which probably act by inducing 
reflex hyperemia. Occasionally parasites cause blephar- 
itis, «.y., blopharitis acariea, due to demodex follieulorum, 
and phthiriasia palpebraram, due to the pediculus 
pubis, very rarely to pedicalus capitis. In tho latter 
condition the cilis are covered with black nits, an 
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appearance being produced which is easily recognised 
when once seen. 

Treatment.—The local treatment of blepharitis must be 
energetic in the uleerative form. The crasts must first 
De removed. 'This is effected most easily by soap and 
water, followed by thorough bathing with hot borax or 
bicarbonate of soda lotion, 8 per cent. This application 
softens the deposits, so that they can be picked or rabbed 
off with a pledget of cotton wool, When the crusts have 
been entirely removed the surface is covered with an 
ointment of yellow oxide of mercury, ommoninted 
mercury, or ichthyol, which is well rubbed in for at 
loast fiva minutes. These procedures should be repeated 
three times a day. In most cases, if the treatment is 
carried out properly there is a speedy eure. Unfor- 
tunately the treatment is seldom satisfactorily carried 
out. It is useless to merely smear ointment on the 
surface of the crusts. Tt must be applied to the inflamed 
tissues and rubbed well into the hair follicles. 

In more severe cases, or when the above treatment is 
improperly done, protargol, 15 to 20 per cent., should be 
rubbed into the margins of the lids with a stumpy 
camel's hair brush until a lather is formed; this usually 
takes five minutes. Or the surface may be thoroughly 
cleaned with bicurbonate lotion and silver nitrate, 2 por 
cent,, painted on, All loose lashes should be pulled out 
with epilation foreeps. 

Attention must be directed to the hygienic surroundings, 
and to the general health. Errors of refraction must be 
corrected. 

Syphilis —A primnry sore is occasionally found on the 
lid margins, commencing in the conjunctiva. If situated 
nonr the outer canthus the pro-aurieular gland is enlarged, 
if near the inner canthus the submaxillary, in accordance 
with the distribution of the lymphatic vessels, 
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Gummata occur in the lids sometimes, and tertiary 
syphilis may cause enormous thickening of the tarsus 
(syphilitic tarsitis). 

Vaccinia.—The margin of the lid is occasionally 
inoculated from the recently vaccinated arm of a baby. 
Often the inoculated margin in turn inoculates the 
opposing margin of the other lid. Usually the pustule 
is at the outer canthas, and the pre-auricular gland 
is swollen and paintul. The history generally serves to 
elucidate the case, 





Fro. 277,—Hoedealum, 


TxrLuamarion oF THe Gianna or tHe Lins. 

Hordeolum or stye ix 1 suppurative inflammation of 
one of Zeiss’s glands (Fig. 277). In the early stages the 
gland becomes swollen, hard and painfal, and usually the 
whole edge of the lid is dematous. An abscess forms 
whieh gonerally points near the base of one of the cilia, 

The pain is offen considerable until the pos is evac~ 
uatod. Styos often occur in crops, or may alternate with 
boils on the neck, carbuncles, or acne. Like these eon- 
ditions, the disease shows deficient resistance of the hody 
to the invasion of staphylococei. It is commonest in 
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young adults, but may occur at all agos, especially in 
debilitated persons. Not infrequently it will be found 
that faulty drains account for the defective health. 

Treatment.—Hot compresses should be used in the 
early stages. When the abscess points it may often be 
evacuated by pulling out the corresponding eilium ; but 
this is usually effected more satisfactorily by an incision 
with a small knife. It should be remembered that such 
4n incision is exceptionally painful. The pus should be 
thoroughly squeezed out and « hot compress applied. 

Lf crops of styes occur the general health must receive 
attention, When associated with boils, &c., the uring 
should be tested for sugar, especially in adults. Inquiry 
should be made ag to the condition of the drains. 

The opgonie index of the blood against staphylococci 
may be tested. It will usually be found to be abnor- 
mally low, and in these eases great improvement has 
followed the use of a staphylococcic vaccine of the sume 
nature as tuberculin. 

Constipation must be counteracted, and tonics are 
useful, especially iron in some form. 

Hordeolum internum is comparatively rare. It is a 
suppurative inflammation of a Meibomion gland of 
exactly the same type as the hordeolum oxternum or stye. 
It is often called a suppurating chalazion, and some may 
he due to secondary infection of a chalazion, The 
inflammatory symptoms are more violent than in 
external styé, for the gland is larger and is embedded in 
dense fibrous tissue. The pus appears as a yellow spot 
shining through the conjunctiva when the lid ix everted. 
Tt may burst through the duet or through the conjunctiva, 
very rarely through the skin. 

Treatment is the same as for external stye, except that 
the incision should be made exactly ax for 4 chalaxion 
(wide infra). 
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Chatazion (Syns—Tarsal Cyst, Meibomian Cyst) is a 
chronic inflammatory affection of » Meibominn gland. 
The gland tissue becomes replaced by granulation tissue 
containing giant cells; the disease is not caused by the 
tubercle bacillus. The gland becomes swollen, increasing 
insize very gradually and without inflammatory symptoms. 
Patients usually seek advice on account of the disfigare- 
ment (Fig, 278). ‘The smaller chalazia aro difficult to see, 
bat are rondily appreciated by passing the finger over the 





Pro, 278, —Chalazion, 


skin. If the lid ix everted the conjunctiva is red or 
purple over the nodule, in later stages often grey, or 
rarely, if infection has occurred (eide hordeolum internum), 
yellow. ‘The grey appearance is due to alleration in the 
granulation tissue, This is not very vascular at any 
stage, but in the later stages the vessels rebrogress, the 
nourishment of the tissue fails and it becomes eon- 
verted into a jelly-like mass, Only under such eon- 
ditions is the term “cyst” really applicable. Complete 
spontaneous resolution very rarely occurs. The contents 
may be extruded through the conjunctiva, and in these 
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cases a fungating mass of granulation 
tissue often sprouts through the open- 
ing, keeping up conjunctival discharge 
and irritation. 

Chalazia are often multiple or occur 
in crops. ‘They are commoner in adults 
than in children. 

Treatment. — Quite small chalazin 
may be left alone; it is very difienlt 
to evacuate them satisfactorily by the 
ordinary method,  Targer ehalazia 
must be incised and thoroughly seraped. 
‘The conjunctival sac is well cocained 
with 2 per cent. solution. The lid ix 
then everted and the site of the chala- 
zion carefully examined. At the point 
of greatest discolouration a few erystals 
(not many) of solid cocain are placed 
upon the surface and allowed to 
dissolve. A vertical incision ix then 
made with a sharp scalpel or Beer's 
knife (Fig. 279). Any semifluid eon- 
tents which may be present escape. 
A small sharp spoon (Fig. 280) ix then 
inserted into the orifice and the walls 
of the cavity are thoroughly seraped. 
‘The bleeding soon stops, and no dress- 
ing ia usnally necessary. A simple 
boracic lotion is ordered for a few days. 

The patient should be warned that 
the swelling will remain for awhile, 
This is due to the resistant walls, 
formed by the fibrous tissue of the 
tarsus; the cavity is kept dilated and 
becomes filled with blood, Sometimes, 
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especially if the scraping has not been sufficient, granu. 
lation tissue sprouts from the wound. This must be 
snipped off with scissors, curved on the flat, after 
cocainising ; the cavity should be again seraped out. 
Very hard chalazia are occasionally met with, par- 
ticularly near the canthi; it is possible that some of 
these are trac adenomata of the glands, ‘They may 
require excision, since it may be im~- 
possible to scrape them out officiently. 


Axomanies or Postriox or ame Lips. 

Trichiasis (6p, reyor. 0 hair) is the 
condition of distortion of the cilia, so 
that they are directed backwards and rub 
against the cornea (vide p. 586). A few 
only of the lashes may be affected or the 
condition may be due to entropion, in- 
volving the whole margin of the lid. Tt 
may also be caused hy congenital dis- 
tichiasis (vide p. 606). 

‘The symptoms are those of a foreign 
body continually present in the eye— 
irritation, pain, conjunctival conges- 
tion, reflex blepharospasm, lacrymation. F#0. 2°0—Sharp 
Superficial opacities and vascularisation eo 
of the cornea are produced; recurrent uleers of the 
cornea ire not infrequently due to this cause. 

Any condition eausing entropion (g-v.) will cause 
trichiasis, trachoma and spastic entropion being among 
the most common. Other causes ure blepharitis, and 
the scars resulting from injuries, burns, operations, 
diphtheria, &o. 

Treatment,—lsolated misdirected cilia may be removed 
by epilation, which must, however, be repeated every few 
wooks. A better mode of treatment is to destroy the 
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hair follicle by clectrolysis. ‘Tho flat positive pole is 
applied to the temple; the negative, a fine steel needle, 
is introduced into the hair follicle : a current of two milli- 
ampires is used. The negative pole is determined by 
placing the terminals in 
saline, when bubbles of 
hydrogen aro given off by 
the negative one. The 
strength of curront can be 
gauged by tho rate of evolu: 
tion of gas, It should be 
remembered that electroly- 
sis is extremely painful and 
tedious; the pain may be 
iminished by injecting 
cocain into the margin of 
the lid. If the current is of 
the proper strength, the 
bubbles evolved at the site 
of puncture causethe forma 
tion of a slight foam. 

If many cilia are dis- 
placed, operative procedures 
must be resorted to, Since 
these are noarly allied to 
those performed for entro- 
pion, which is generally 
present, they will be de- 
(vide p. 5B). 

Entropion (é, in, reérem, to turn), rolling in of the 
lid, occurs in two forms, spastic and cicatricial, The 
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symptoms aro those of the trichiasis (g.v.) which is 
induced, 

Spastic entropion is duc to epasm of the orbicularis, 
Strong contraction of the circularly arranged fibres tends 
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not only to approximate the lid margins, bué also to tan 
thom inwards or outwards, according to the mechanical 
support afforded by tho globe and orbital contents. If 
the eupport is insufficient, entropion is produced. This 
is woll sean when the eyeball has been removed, but it 
also oveurs when the globe is deeply set owing to absence 
of orbital fat, &c., especially if the skin of the lids is also 
redundant. Those conditions are found par excellence 
in old people, who are therefore very liable to spastic 
entropion. It ix also caused by tight bandaging, and ix 
favoured by narrowness of the palpebral «perture (ble- 
pharophimosis). Spastic entropion is almost invariably 
restricted to the lower lid. 

Cicatricial entropion is caused by cicatricial contraction 
of the palpebral conjunctiva ; in the worst forms, found 
in trachoma, the tarsal plate is also bent and distorted, 
sometimes by atrophic, sometimes by hyperplastic changes. 
Tt is an exaggoration of the effect produced by the various 
enuses of trichiasis (¢.¥.), 

Treatment of Spastic Natropion.—t dae to bandaging, 
the condition is often cured by simply leaving off the 
bandage. Wearing an artificial eye relieves the symptoms 
when the eyeball has been removed. In the spastic 
entropion of old people temporary relief may be obtained 
by placing a roll of lint or plaster horizontally just 
above the margin of the orbit, and bandaging it firmly 
im position ; or the lid may be slightly everted by paint- 
ing collodion on the skin or by pulling it out with a strip 
of adhesive plaster. 

Permanent relief can be obtained only by operation. 
‘The simplest method is the removal of a strip of skin 
and muscle, Cocain is first injected subcutaneously. 
An oval area of skin, with the long axis horizontal and 
varying in width according to the amount of entropion 
and of superfluous skin, is marked out with a scalpel or 
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Beor’s knife just below the site of greatest displacement, 
The upper incision must bo close to the margin of the 
lid (Fig. 282), The piece of skin is dissected off. The 
undorlying fibres of the orbicularis are then dissected off 
with forceps and knife, until the tarsus is exposed. Tt 
is usally unnecessary to insert sutures. The operation: 
may be done with one snip of scissors and without cocain, 
if a fold of skin is taken up with T-shaped forceps 
(Fig. 283). This method is nob so satisfactory. 

‘In cases of spastic entropion with much blepharospasm, 





FiG, 282 —Diagram of skin and muscle operation. 


canthoplasty is sometimes indicated. This consists in 
widening the palpebral aperture by dividing the outer 
eanthus. The lids are separated with the fingers in 
such a manner as to put the eanthus on the stretch. 
One blade of strong blunt-pointed scissors is introduced 
ax far ax possible into the conjunctival sue behind the 
commissure. The entire thickness, including skin and 
conjunctiva, is divided horizontally by a single cnt. TE 
only a temporary effect ix required, no sutures are 
inserted. If it is desired permanently to onlarge the 
palpebral aperture, the conjunctiva is sutured to the 
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skin. Temporary canthoplasty is sometimes indicated 
in other conditions than 
spastic entropion, ¢.g., in 
simplo severe blepharo- 
spasm, such as oceurs in 
phlyetenular conjunctivitis, 
in acute purulent conjune- 
tivitix with much swelling 
of the lids, and in removal 
of an enlarged eyeball or an 
orbital tumour. 

Treatment. of Civatricial 
Eutropion—A very large 
number of plastic opera- 
tions have been devised 
for the reliof of cicatricial 
entropion: only the more 
simple will he describod 
hore. Tho principles 
governing the various 
operations are: (1) altering 
the direction of the lashes, 
(2) transplanting thelashos, 
(8) straightening the dis- 
torted tarsus. Subeutan- 
ous injection of cocain or 
a general anwsthetic is 
indicated; the former 
method does not obviate all 
pain, especially if the tarsus 
is ent, 

The simplest procedure 
is some modification of 
Burow’'s operation. The lid is everted over the end of & 
metal lid spatula (Fig. 284). A horizontal incision through 
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the conjunetive and passing completely through the tarsal 
plate, but not through the skin, is made along the whole 
Jongth of the lid in the sulcus subtarsulis, i.c., about 
2—8 mm. above the posterior border of the intermarginal 
strip (Pig. 285). Care must be taken 
not to wound the panctum or canaliculus. 
‘The outer end of the strip may then be 
divided by o vertical incision through the 
free edge of the lid, including the whole 
thickness. In this mannor the edge of 
the lid is left attached only by skin, and 
when cieatrisation has occurred the edge 
is turned slightly outwards, so that the 
lashes are directed away from the eye 
Relapses are not uncommon, however, and 
this operation may have to be repented. Tt 
is probably better to keep the edge of the 
lid everted during the process of healing 
by means of » spindle-shaped pad of oiled 
silk (Fig. 286). The pad is kept in 
position by sutures suitably applied, 

In the Jaescho-Arlt operation the zone 
of hair follicles is transplanted to a 
slightly higher position. ‘The lid is split 
from the outer canthus to just outside the 
punctum along the grey line (vide p. 876) 
between the lashes and the orifices of the 





meaty, wih Meibomian glands. Daring this: proces 


sould bemade dure the globe is protected by the spatula 





inserted between it and the lid, or held 
by a lid clamp (Figs. 287, 288). The incision extends 
between the tarsus and the orbicularis for a depth of 
3-4 mm., 60 that the zone containing the hair follicles 
is thoroughly loosened (Fig. 289). An elliptical piece of 
skin is then removed from the lid. ‘'he lower incision 
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extends through the skin down to the tarsus at a distance 
of 8-4 mm. from the edge of the lid and parallel with 
it for its whole length. The middle part of the upper 
incision is 6—8 mm. from the edge of the lid. The 
elliptical piece of skin thus marked out is removed, 
without taking any orbicularis. The two skin incisions 
are then sutured. In this manner the zone of lashes 
is transplanted to a higher level. The gaping wound in 
the intermarginal strip may be filled in with skin from 
that excised, or by a Tiersch graft or a graft of mucous 





Fig, 285, Fig, 286, 
Pius 285 —G.—Dingram of medified Burow's operation for entropion. 


membrane ; this tends to prevent the follicles from being 
drawn down again when the wound cicatrises, Care 
should be taken not to produce ectropion by removing 
too much skin. 

Eetropion, rolling out of the lid, occurs in several 
forms, the chief being spastic, cicatricial, senile, and 
paralytic. The symptoms are duc to the epiphora induced 
and to the chronic conjunctivitis caused by exposure. In 
severe cases the cornea may suffer from imperfect closure 
of the lids. 

Spastic cetropion results from blepharospasm when the 
lide are well supported by the globe and when they are 
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short, firm, and without redundant skin. It is therefore 
seen in children and young patients, and is readily 
induced by phlyctenular conjunctivitis (vide p, 192). 
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Fig, 287,— Dewmarros one 4 
tropion forceps for right 288, — Wild's ene 
eye ropion forceps. 


Mechanical ectropion ix eaused by extreme proptosia or 
thickening of the conjunctiva, such as oceurs after pura. 
lent conjunctivitis and trachoma. In the latter disease 
the tarsus is often distorted. Upper and lower lids are 
frequently affected simultancously. 
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Cicatricial ectropion results from destruction of the skin 
by injury, burns, aleors, gangrane, operations, &c. 
Caries of the orbital bones is a common esuse in children. 
Chronic conjunctivitis and blepharitis also cause cica- 
tricial ectropion, which is increased by the wetting of the 
shin with tears and the eczema thoreby induced, 

Senile ectropion is found only in the lower lid, and is 





216. 289,—Disgram of Jncsche-Arke operation for entropion. 


due to relaxation of the tissues and degeneration of the 
orbicular muscle fibres. The condition is increased by 
the conjunctivitis and epiphora which are set up. 

Paralytic ectropion results from the laxity of the lids 
induced by paralysis of the orbicularis. Only the lower 
lid is affected, the upper being kept in contact with the 
globe by its own weight. 

Treatment.—Non-operative treatment is chiefly service. 
able in spastic ectropion, Here a well-fitting bandage, 
unless contra-indicated by other fuctors, will often cure 
the displacement. A bandage should also be applied in 
vetropion paralytioum, but the condition ix cured only by 
restoration of the innervation. ‘The slighter degrees of 
simile eelropion are also amenable to non-operative 
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treatment, though it may be advisable to slit the canali- 
culus in order to stop epiphora. The patient should be 
instructed not to pull the lid down when wiping the oye, 

‘A large variety of operations has been devised for 
ectropion: only the simpler procedures will ho described. 

Snollen's sutures are indicated in some cases of spastic 
and senile ectropion, In this operation two loops of 
thread, inserted at the junction of the middle with the 
inner and outer thirds of the lid, through the ectro- 
pionised conjunctiva, are made to bold the fornix in its 
proper position (Fig. 290). A silk thread is armed with a 





FXG. 240—Diagram of Snellen’s entnres for eetropian. 


needle at each end, One needle is passed in at one of the 
two spots indicated at the level of the top of the tarsus, 
ie, in the position where the fornix ought tobe The 
needle is passed vertically downwards under the skin and 
brought out just below the level of the orbital margin. 
‘The other needle is inserted similarly 2 or 3mm, to one 
side of the first, and is carried down parallel with it. 
The second suture is inserted in exactly the sume manner 
at tho junction of the middle with the other third of the 
lid, The sntures are then tied over pieces of rubber 
tubing laid vertically, the ectropionised fornix being thus 
drawn down into its normal position. he sutures may 








DISEASES OF THE LIDS. 595 


be tightened from day to day so as to cause the formation 
of cicatricial bands slong their tracks; this was more 
effectual in the days when antiseptic precautions were 
not observed. ‘The effect is seldom permanent, 

In paralytic ectropion lateral targorrhaphy may be 
indieated. In this operation the palpebral aperture is 
shortened by uniting the lids at the outer eanthus. The 
edges of the upper and lower lids are freshened for the 
requisite distance, the lashes being excised. The lids aro 





P16. 291.—Dingram of V—Y operation for ectropion, 


then sutured together as in central tarsorrhaphy (vide 
p. 255). 

Tn many cases of ectropion, expecially senile, the lower 
lid is stretched and elongated. The ectropion may then 
be cured by shortening the lid. A wedge-shaped piece 
of the lid, including the whole thicknoss, ix excised at the 
outer canthus. The edges of the skin wound are then 
sutured together, and similarly the edges of the con- 
jonctival wound. 

Th the slighter cases of cicatricial ectropion the ¥—Y 
operation of Wharton Jones is indicated (Fig. 291). A 
‘V-shaped incision, with the apex away from the lid margin, 
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is made through the skin, the limbs of the V enclosing the 
cicatrix. Theskin ix freed from the underlying tissues 
and is also well undermined at the edges. The margins 
of the incisions are sutured in such a manner that a 
Y-shaped cicatrix results: the edge of the lid is thus 
raised to its normal position. 

More extensive cicatricial displacement requires some 
form of blepharoplastic operation, flaps of skin being 
taken from the cheek or temporal region, or Tiersch 
grattsemployed. Hach such case must be treated on its 
own merits and will 
often exercise tho 
ingenuity of the 
surgeon. 

Symbiopharon 
(ov, with, together, 
Brtpapov, eyelid) is 
thecondition of adhe- 
sion of the lid to the 
globe(Fig-292), Any 
cause which produces 
raw surfaces upon 
two opposed spots 
of the palpebral and bulbar conjunctiva will load to 
adhesion if the spots are allowed to remain in contact 
during the process of healing. Such causes are barns 
from heat or caustics, ulcers, diphtheria, operations, &e, 
Bands of fibroux tissue are thus formed, stretching 
between the lid and the globe, involving the cornea if 
this has also been injured. The bands may be narrow, 
but are more frequently broad, and may extend into the 
fornix so that the lid is completely adherent to the eyeball 
over a considerable area (symblepharon posterias). Bands 
limited to the anterior parta and not involving the fornix 
are called symblepharon anterius. ‘Total symblepharon, in 
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which the lids are completely adherent to the globe, 
is rare. 

Pronounced adhesions cause impairment of mobility 
of the oye, so that diplopia may be complained of, The 
adhesion may be so intimate that it is impossible to close 
the lids officiently, lagophthalmin, with its baneful eon- 
sequences, resulting. ‘There is often much disfigurement. 

Treatment.—The prevention of symblepharon is of the 
utmost importance (vide p. 426). When it is already 
established operation is necessary. Symblepharon 
anterius is usually easily remedied by dividing the bands 
and proventing re-formation of adhesions in the manner 
already described. When the bands are broad, and espe- 
cially if there is symblepharon posterius, tho separation of 
the lid from the globe is diffiowlt. There is no guide to 
the limitations of sclerotic and tarsus, and great care has 
to be exereised lest the globe be punctured. The preven- 
tion of re-formation of adhesions is much more difficult, 
and is successful only if the row surfaces are covered with 
epithelial grafts. ‘These may be either conjunctival or 
skin flaps, Tiersch grafts, or grafts of rabbit's or frog's 
mucous membrane, 

Ankyloblopharon (dy«iAy, a thong, BAtpapov, eyelid) 
is adhesion of the margins of the two lide. It may be 
either m congonital condition or duc to burns, &e. It 
may be partial or complete, and is often combined with 
symblopharon. Tho treatment depends upon the amount 
ofaymblepharon. If this is very extensive operation may 
be contraindicated. In other cases the lids are separated 
and kept apart during the healing process. If the 
adhesion extends to the angle of the lids the latter must 
bo covered with an epithelial graft, otherwise the condition 
will recur. 

Blepharophimosis (Addapor, wyelid, dyes, a muzzle) 
is the condition in which the palpebral fissure appears to 
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he contracted at the outer canthus. It is really normal, 
bat the oater angle is obscured by a vertical fold of skin. 
‘The latter is due to eczematous contraction of the skin 
following prolonged epiphora and blepharospasm. Mere 
narrowing of the palpebral aperture is often called 
blepharophimosis, and may be a congenital condition: 
this is really a form of ankyloblepharon. 

The condition may require no treatment, disappearing 
spontaneously after the inflammation has subsided. In 
other cases canthoplasty is indicated. 

Lagophthalmia (Acc, a hare) is the condition of 
incomplete closure of the palpebral uperture when the 
eyes are shut. It may be due to narrowing of the lids 
from cicatrisation or congenital deformity, ectropion, 
paralysis of the orbicalaris, proptosis due to exophthalmic 
goitre, orbital tumour, &c., or to laxity of the tissnes and 
absence of reflex blinking in people who are extremely ill 
or moribund. Owing to exposure the cormea becomes 
epidermoid (xerosis cornew) or keratitis ¢ lagophthalmo 
(q-v.) sets in. The treatment is that of keratititis © 
lagophthalmo (9.v.). 

Ptosis (wirray, to fall) is the term given to drooping 
of the upper lid, due to paralysis or defeetive development 
of the levator palpebrm superioris, Ptosis may also be 
eauatd by thickening and increased weight of the lid 
(cide p. 579). The condition may be unilateral or 
bilateral, partial or complete. In the higher degrees the 
Tid bangs down, covering the pupil more or less com- 
pletely, interfering with vision. An attempt is made to 
counteract the effect by overaction of the frontalis and 
by throwing back the head, the eyes being pulled down- 
wards by the inferior recti. A very characteristic attitade 
is thus adopted. Forced contraction of the frontalis 
causes the eyebrows to be raised and throws the skin of 
the forebead into wrinkles. Partial ptotis may be masked 
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by this means, but becomes manifest if the patient is 
asked to look up, whilst the eyebrows are fixed by firm 
pressure with the fingers against the bone. 

Ptosix may be congenital or acquired. The congenital 
form is usually, but not invariably, bilateral, and is due 
in mont cases to defective development of the muscles, 
Some cases have been proved to be caused by maldevelop- 
ment of the third nucleus. ‘I'he condition is not infro- 
quently hereditary. There is nearly always defect in the 
upward movement of the eyos, due partly to absence of 
the posterior insertion of the levator into the fornix (cide 
p. 576), partly to coincident maldevelopment or defective 
innervation of the suporior rectus. It may bo pointed 
out here that defective upward movement of the eyes is 
the commonest congenital defect of bilaterally associated 
extrinsic muscles, 

Acquired ptosis is usually unilateral. Tk may be part 
of the symptom-complex of paresis or paralysis of the 
whole of the third nerve, or may be due to parosis or 
paralysis of the branch supplying the levator. Isolated 
ptosis without other signs of oculomotor paralysis may 
result from disease of upper level centres (cerebral ptosia). 
Acquired ptosis may also be duo to direct injury of tho 
musele or its nerve supply, as by wounds, fractures, &¢. 
Mechanical ptosis is dae to deformity and increased 
weight of the lid brought about by trachoma, tumours, 
ke. ; it also occurs from lack of support in phthisis bulbi, 
anophthalmia, “ce. Bilateral ptosis may oceur in the 
acquired form, notably nx part of the syndrome of 
toyasthenia gravis. 

‘The amount of ptosis sometimes alters with the 
position of the globe, attaining its highest piteh im 
abduction of the eye, its least in adduction or atternpted 
adduction. Occasionally in both the congenital and 
acquired forms the lid rises when the jaw is moved, as in 
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mastication, though it remains immobile when an 
attempt is made to look upwards. ‘This ix an example 
of synkinesis or associated movement. 

Treatment.—In eases of paralysis of the third nerve 
treatment must be directed to removal of the cause. The 
fact that this nerve is so frequently affected in syphilis 
muat be borne in mind; these cases respond to treatment: 
better than others. In cases of incurable paralysis and 
in congenital and mechanical ptosis the deformity ean be 
removed only by operation. In complete paralysis of 
the third nerve operation is usually contraindicated on 
account of the abduction of the eye. If the lid is raised 
in these cases the diplopia becomes manifest: simulta. 
neous advancement of the internal rectus may diminish 
the diplopia and the deformity, but is unsatistetory atid 
unlikely to give a permanent result, 

Operations for ptosis ameliorate the condition but 
seldom give permanent results, In slight eases excision 
of an elliptical area of skin, with or without excision of 
the underlying fibres of the orbicularis, improves the 
appearance temporarily. 

Of the many operations which have been devised for the 
more severe cnses Hess's operation is the best (Fig. 293). 
Tt may be performed under local anmsthesia by subcutane- 
ous injections of cocain or eucnin, but a gonoral unwsthetic 
is better if not contraindicated. The eyebrow is shaved, 
An incision is made in the line of the eyebrow for 25 
em. The skin of the lid is then undermined through 
this incision so that it is completely separated from the 
orbicularis and tarsus over its whole area. Three silk 
sutures are then inserted, Each suture is armed with 
two half-curved needles. The first needle ia inserted a 
little to ong side of the middle line of the lid at a point 
5 or 6 mm. from the margin of the lid. It is passed 
upwards through the orbicularis, anterior to the tarsus, 


as 


DISEASES OF THE LIDS. 601 ' 


and is brought out through the frontalis about 4 or 5 mm. 
above the incision in the eyebrow. The other needle on 
the same suture is inserted a little to the other side of 
the middle line of the lid at the samo distanco from the 
lid margin and is carried up parallel to the first and 
brought out in the same manner. ‘The othor two sutures 
ave inserted in exactly the same manner Mh each side of 
the first. On pulling the sutures upwards the skin of 
the lid is thrown into a fold which corresponds with the 





Pra. 202. —Dingram of He's operation for ptosis. 


normal fold at the upper margin of the orbit. In this 
manner the lid is raised the requisite amount: care must 
be taken that it is not raised too much, otherwise lagoph- 
thalmia will result. Lhe effect produced at the time of 
operation should be clightly in excees of the desired perma- 
nent effect. ‘Tho incision in the eyebrow is sutured, and 
then the lid sutures are tied round small piecas of rabber 
tubing, applied vertically to the forehead. The sutures 
may be tightened or loosened, if necessary, during the first 
few days. Whey are removed after ton days or u fortnight. 





a 
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ITxsumms oy ri Lins. 

Injuries of the most various kinds—contusions, wounds, 
barns, &c.—are very common, They must be treated 
upon general principles, but special attention must be 
directed to three points—(1) wounds of the skin of the 
lids, (2) injury of the bones of the orbit, (3) injury 
of the eyeba 

Wounds in the direetion of the fibres of the orbicularis 
gape little and heal without conspicuous searring ; hence 
surgical wounds should be made in this direction as far 
as possible. Vertical wounds gape, cause disfiguring 
cicatrices, and often lead to ectropion, &e., especially if 
there is adhesion to the subjacent bone. The worst 
wounds are such as sever the lid vertically in its whole 
thickness. If these do not unite by first intention a note 
(traumatic coloboma) is left in the lid margin, and dis- 
figaremont, lagophthalmia, and epiphora result. Vertical 
wounds severing the eansliculus require special care. 

Injury to the bones of the orbit may affect the orbital 
margin or deeper parts. Fractures involving the margin 
may be diagnosed by careful palpation—unevenness, 
crepitation, &c. Fractures of the walls of the orbit often 
manifest themselves by emphysema. This is due to com- 
munication of the subeutaneous tissues with the nasal 
air sinuses, air being foreed into the tissues on blowing 
the nose, sneezing, straining, coughing, &c. There is 
great swelling, with a peculiar soft crepitation on palpa- 
tion. Fracture of the orbital bones may be part of a more 
serious fracture of the base of the skull. 

Injuries involving the globo require special care both 
in diagnosis and treatment. In every case the eyeball 
must be very carefully examined. Palpation will usually 
demonstrate considerable reduction of intraocular pres 
sure if the eye is injured; it indicates mpture of 
the globe. Inspection may be difficult on account of 
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Nanthelaema  (favés, yellow, ®haepo, a plate) or 
xanthoma is a slightly raised yellow plaque, most com- 
monly found in the upper and lower lide near the inner 
canthne, and often symmetrical in the two lids and in 
the two eyes. The plaques are most common in elderly 
women. They grow slowly, and only require treatment 
on account of the disfigurement produced. They may 
be removed after subcutaneous injection of eocain or 
eucain, 

Molluscum contayiosum is % small white umbilicated 
tumour, generally multiple. A substance resembling 
sebum can be squeezed out of them. They should be 
squeezed out after incision and the interior touched with 
solid silver nitrate stick. 

Nevua or mole, usually pigmented, may occur on the 
lids, generally affecting the margin and involving both 
skin and conjunctiva, Somotimes they are symmetrical 
in the two lide of the same eye, indicating their origin 
at a time when the lids were still united. They have 
characteristic microscopical appearance, containing 
“nevns cells,” often arranged in an alveolar mariner, 
They may take on malignant proliferati 

Hemangiona, often also called nevus, occurs in two 
forma—telangieetasis and cavernous hemangioma. The 
former ore bright red or port-wine coloured spots com- 
posed of dilated capillaries, Whe latter are dilated and 
anastomosing veins lying in the subcutangous tissue, hay- 
ing all the characteristics of erectile tissue; they are not 
infrequently strictly localised as if partially encapsuled. 
They appear bluish when seen through the skin and 
form a swelling which increases in size on crying, 
lowering the head, &e. Cavernous hamangiomata are 
rarely seen in adults, partly due to the fact that they are 
generally treated in early life, but possibly due to spon- 
tancous atrophy and thickening of the skin. 
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Telangiectases may be excised if small. If larger they 
may be cauterised with the galvano-eautery ; only a small 
area should be attacked at a sitting, the operation being 
repeated. Electrolysis may also be used. Cavernous 
hamangiomata may be excised, preferably from the con- 
junctival surface, ifsmall. If largor they may be treated 
by electrolysis. It ie a good plan to use electrolysis for 
time until the tumour is consolidated with fibrous 
tissue, and then to excise the mass. 

Lymphangioma oconrs rarely in the lide. 

Malignant Tumours include earcinomata and sareo- 
mata, the former being much the more common. 
Epitheliomata show a preference for spots where the 
character of the epithelium changes; they therefore 
commence generally at the edges of the lids. The pa 
are elderly ; the preauricular gland may be enlarge 
if the growth is near the inner canthus, the submaxillary 
lymphatic glands. Any of the glands of the lid may in 
miré instances undergo carcinomatous proliferation. 
‘The commonest malignant epithelial growth is the 
so-called rodent ulcer, which shows a predilection for 
the inner canthus. It is unnecessary to describe ite 
characteristic features here. 

Sarcoma is rare; it may be round or spindle- 
celled, pigmented or non-pigmented. Tho malignant 
growths springing from nevi are usually called 
sarcomata, 

Treatment. — Epithelioma and sarcoma must be 
thoroughly extirpated at all costs, oven if this involvos 
excision of the globe or exenteration of the orbit. Rodent 
ulcer, if small, should be oxcised, IE largor it is wise to 
treat it with radium for a time. Considerable improve- 
Ment, and even cure, have been reported as the result of 
this treatment, but it is wise always to oxcise the 
remnants. 
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Coxerxirar. Anxortanrrins or THe Ling 

Symblepharon, ankyloblepharon, eetropion, entropion 
and trichiasis occur occasionally as congenital malforna- 
tions. Ptosis is a fairly common congenital defect. 

Distichiasis (4/6, double, eros a row) is a rare condition 
in which there are two complete rows of cilia, often in all 
fourlids. ‘I'he posterior row replace the Meibomian glands: 
they cause trouble by rubbing against the cornea. 

Coloboma of tho lid is a notch in the edge of the 
lid. The gap is usually situated to the inner aide of 
the middle line, generally affecting the upper lid. ‘Two 
or more defects may ovceur in the same lid. Sometinres 
a bridge of skin links the coloboma to the globe, or there 
is a dermoid asiride the limbus ut the site of the 
coloboma. There are often other congenital defects of 
the eye or other parts of the body, ey., coloboma of the 
iris, accessory auricles, Mc, Some cases are due to 
incomplete closure of the fwtal facial cleft, others 
probably to pressure of amniotic bands. Occasionally 
there is a notch at the outer part of the lower lid, 
associated with maldevelopment of the malar bone, 

Oryptophthalmia (xpwrrés, hidden) ia a very rare 
condition in which there is total ankylo- and sym- ble- 
pharon, associated with abnormality of the eye and often 
of the orbit, The skin passes continuously from the 
brow over the eye to the check. 

Microblepharon is the condition in which the lids are 
abnormally small. They may be absent—ablepharvn. 
These conditions usually occur only in cases of microph- 
thalmin, or congenitally small eyes. 

Bpicanthus is a semilunar fold of skin, situated at and 
sometimes covering the inner canthus. It is usually 
bilateral, the eyes are far apart, and the bridge of the 
nose is flat, It may disappoar as the nose develops. It 
is norma! in Mongolian races. 
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Elephantiasis neuromatodes or plexiform neuroma 
may affect the lids and orbit. In all cases the temporal 
region is also affected. The hypertrophied nerves may 
be felt through the skin. The nerve fibres are little 
changed, the hyperplasia affecting the endo- and peri- 
neurium. In several cases the ciliary nerves have been 
found affected, both outside and inside the globe, and in 
some cases the eye has been buphthalmic. 





CHAPTER XXX. 


DISRASES OF THE LACRYMAL APPARATES. 


Anatomy and Physiology.—The licrymal apparatus 
consists of the lInerymal glands and the Iserymal 
passages. 

The lacrymal glands of eel eye consist of the 
superior or orbital gland, the inferior or palpebral gland, 
and the accessory lncrymal glands or Krause’s glands. All 
are serous acinons glands, scarcely distinguishable, 
microscopically, from serous salivary glands, with which 
they are morphologically identical. The superior gland, 
about the size of a small almond, is situated in the 
lacrymal fossa at the outer part of the orbital plate of 
the frontal bone. Ten or twelve lacrymal ducts past 
from it to open upon the surface of the conjunctiva at 
the outer part of the upper fornix. The inferior gland 
consists of only one or two lobules situated upon the 
course of the ducts of the smperior portion. It ean be 
seen when the eye looks down and in after the upper lid 
has been everted. The accessory or Krause’s glands are 
microscopic acini, lying below the surface between the 
fornix and the edge of the tarsus. There are about 
forty-two in the upper, six to eight in the lower, fornix. 
The ducts of numerous acini unite to form a larger duck 
which opens on to the fornix. 

The Inerymal passages consist of the puncta laery- 
malia, the canaliculi, the laerymal sac, and the nasal dnet 
(Fig. 294). The puncte lacrymatia lie near the posterior 
border of the free murgin of the lid about 6 mm. from 
the immer canthus. Each lid has one pavctam and one 
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canaliculus. The ponctum is situated upon a slight 
elevation, larger in elderly people, the papilla lacrymalis. 
As already mentioned, this is visible under normal 
circumstances only when the lid is slightly everted 
(cide p. 98), ‘The cenaliculus passes from the punctum 
to the lnerymal sac. It is first directed vertically for 
about 1 to 2 mm., then horizontally for 6 to7 mm. The 


canaliculi usually open separately through the outer wall 
of the lacrymal sac, ‘The laerymal sac lies in the 





Jaerymal fossa formed by the lacrymal bone, When 
distended it is about 15 mm. long vertically, and 6 to 6 
mm. wide. ‘The fundus extends slightly above the level 
of the inmer tarsal ligament. The sac is surrounded hy 
fibres of the orbicularis, The lower end narrows as it 
opens into the nasal duct. The nasal duct, varying much 
in size (12 to 24 mm. long, 3 to 6 mm. in diameter) 
passes downwards and slightly outwards and backwards, 
bounded by the superior maxilla and inferior turbinate, 
to open at the antorior part of the outer wall of the 
Dek 89 
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inferior meatus of the noso. The line of the duet ix 
given by a point just outside the inner canthus and the 
groove between the ala of the nose and the cheek. The 
apper end of the nasal duct is the narrowest part. The 
cnnaliculi are lined by stratified epithelium, the laerymal 
sac and nasal duct by columnar epithelium, lying upon 
a corium which contains a venous plexus. The macous 
lining forms an imperfect valve at the orifice into the 
nose. 

The lacrymal secretion is a slightly alkaline fluid eon- 
taining sodium chloride as its chief constituent, The 
ordinary amount secreted is just sufficient to moisten 
the eyeball, and is lost by evaporation. Only under 
reflex irritation, psychical or peripheral, ix an excess 
secreted, and this is forced into the lacrymal sac and 
through the nasal duct into the nose during the act of 
winking, when the fibres of the orbicularie contract 
around the sac, It must be remembered that xerosis or 
dryness of the conjunctiva doos not result from extir- 
pation of the superior and inferior lacrymal glands, the 
moistening of the conjunctiva by Krause’s glands and 
its own mucous cells being saficient to prevent it. Per 
contra, epiphora does not result from extirpation of the 
lacrymal sac, except in the presence of psychical or 
peripheral stimuli to increased secretion. It is possible 
that the tears have some slight antiseptic properties. 


Drsmasns or tm Lacnyaat Granp. 

Diseases of the lncrymal gland are rare. Dacryo-adenitis 
oceurs oceasionally, usually going on to. suppuration. 
Tubercle also occurs here. A permanent fistula may 
result from rupture of an abscess in the gland. Spon- 
taneous and traumatic dislocation of the gland have been 
described, a swelling being formed under the outer part 
of the upper lid. 


_——e 
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Paeryops isn cystic swelling in the upper fornix, due 
to retention of secretion owing to blockage of one of 
the Incrymal ducts. Tt ean only be distinguished from 
retention cysts of Krause’s glands by its position. 

Tumours of the lacrymal gland show a very marked 
resemblance to those of the parotid. Mixed tumours, in 
reality endotheliomata, containing cartilage, myxomatous 
material, &c., are the commonest form. Carcinomata 
‘and sarcomata aro yory rare. 

All conditions which cause swelling of the gland may 
lead to impairment of movement of the eye. The globe 
is pushed downwards and inwards; movement outwards, 
and especially outwards and upwards, is limited. There * 
may be some proptosis. 

The rare diseases mentioned above must be treated on 
general principles. 


Diseases or rie Lacryatar, Passaces. 

Eversion of the lower punctum occurs from laxity 
of the lids in old age, from chronic conjunctivitis, 
blepharitis, and any cause leading to ectropion (9.0.). 
Tt causes epiphora, which in turn aggravates the 
condition (vide p. 593). 

Treatment.—In slight cases, especially in old people, 
the eversion may be sufficiently counteracted by making 
a wmall sear in the fornix just behind and below the 
position of the panctum. This is best done with the 
actual eantery, a fairly deep gutter being made. Ax the 
cicatricial tissue contracts the punctum is pulled inwards 
towards the eye. © 

‘If this procedure fails the canaliculus should be slit 
up or a radical operation for ectropion performed. In 
the former case the greatest care muat be exercised that 
the canalienlus is slit on its posterior wall, so that the 
open duct will lie against the globe. It is not necessary, 

39—2 
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nor advisable, in these cases to slit the canaliculus 
completely into the sae, but it must be incised so fur 


sis 





as is necessary to bring the slit part 
in contact with the eye. 

Slitting the lower canaliculus is per- 
formed as follows. Instruments re- 
quired: Nettloship’s dilator (Fig. 295), 
canaliculus knife. The best form of 
canaliculus knife is the modification of 
Weber's in which the probe point is 
straight, not curved forwards as in 
the original instrument (Fig. 296). The 
eye should be cocained, though this 
will not eliminate all pain. The surgeon 
stands behind the patient. In operating 
upon the right side he everts the lower 
lid with his left thumb, With the 
right hand he inserts the point of 
Nottleship’s dilator into the punctum, 
passing it directly downwards as far as 
it will go easily, then rotating it out- 
wards and pushing it inwards along the 
canaliculus. In this manner the punc- 
tum ie dilated. The knife is then takon 
and the probe point is passed into the 
punctum in the same manner, first 
downwards, then inwards. The back 
of the knife is directed forwards and 


» slightly downwards. In this manner, 


as the knife is pushed inwards, the 
posterior wall of the canaliculus is 


incised. In bad cages of eversion or when it is desired to 
slit the canaliculus completely into the sac it is necessary 
to rotate the handle of the knife upwards and towards the 
nose as soon ns the probe point is stopped by the lacrymal 


A, 
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bone. While this manmuvre is being per- 
formed the lid is kept stretched outwards, 
so that the wall of the duct ig kept tut 
against the edge of the knife. Care must 
be taken that the edge of the knife, which is 
directed towards the globe, shall not injure 
the eye, though there is little danger of such 
an accident. A Stilling’s knife (Pig. 297) 


ing days, eo as to provent closure of the 
incision. 


Under no circumstance should the cxna- 
Tieulus be slit up unless it is absolutely 
necessary. It should never be slit up more 


Epiphora is caused. These cases are very 
difficult to treat. An endeavour should be 
made to slit up the occluded punctum—not 
the whole canaliculus. On inspection no 
trace of the punctum may be visible, but 
it is rare that some evidence of its presence 
cannot be seen on minute examination of 
the normal site with a loupe. The point 
of the dilator is inserted at this site, and 
may succeed in opening up the punctum 
Sufliciently to admit the probe point of the 


canaliculus knife. ‘There is usually no yye, g97, — 


difficulty in knowing when the knife is in 
the duct, as it passes on in the proper 


lie 


ae 
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direction quite easily. If this method fails to permit 
an entrance the canalieulus may be cub across vertically. 
When bleeding has stopped the inner cutend is examined 
with a loupe, and the probe point of the knife is inserted 
into it. If this also fails, and the upper punctum is 
patent, an attempt may be made to pass a small curved 
probe by the upper punctum into the sac and oub into 
the lower canaliculus, This procedure requires an 
anmsthetic. 

Occlusion of the canaliculus may be due to a scar 
(vide p. 602) or to a foreign body. Of the latter an eye- 
lash is the commonest, less frequently a “ concretion.” 
An eyelash usually projects somewhat from the panetum, 
and is easily removed with forceps. Coneretions are 
masses of the mycelium of a fungus, usually a strepto- 
thrix. They are removed by slitting up the canalieulus 
for the requisite distance, 

Congenital anomalies of tho puncta and canaliculi 
are occasionally mot with, The puncta may be absent 
or constricted ; there may be two puncte in a lid, gener- 
ally opening into the same canaliculus. Sometimes a 
groove is found instead of a canaliculas, 

Dacryocystitis or inflammation of the lacrymal ene 
is not uncommon, especially amongst the lower classes. 
It is generally chronic. There is epiphora, aggravated 
by exposure to wind, dc. Usually there is swelling at 
the site of the sac. Often the caruncle and neighbouring 
parts of the conjunctiva are inflamed. On pressure over 
the sac fluid rezurgitates through the puncta, or more 
rarely passes down into the nose, The fluid may be 
tears, mucus, or muco-pus; the swelling is often called 
a mucocele, Bacteriological examination of the fluid 
demonstrates the presence of an extraordinary number 
of bacteria—etaphylococei, pneumococei, streptococci, &e. 
Of these the pneumococens is very frequently present in 
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virulent form. This fact is of supreme importance, sineo 
it explains the frequency with which hypopyon ulcer arises 
in these cases, and the danger of panophthalmitis if any 
intraocular operation is undertaken. Dacryocystitis is a 
constant menace to the eye, since minute abrasions of 
the cornea are of almost daily occurrence, and any such 
abrasion is liable at any moment to become infected and 
give rise to an hypopyon ulcer. 

Chronic dacryocystitis is commonly attributed to the 
effects of stricture of the nasal duct. It is by no means 
certain that the stricture is primary in all these cases; 
it is not unlikely that it sometimes results from the 
inflammation of the sac or from the treatment applied to 
remody the dueryocystitis. Tt might be anticipated that 
the infection was frequently derived from the nose in 
cases of eexema, ke, but investigation tends to negative 


spontaneous resolution, ‘I'he condition tonds to progress, 
the walls of the sac ultimately become atonic, the 
contents never being evacuated except by external 
pressure. In any case an acute inflammation may 
rice, a Iserymal abscess being formed. ‘This may be 
caused by treatment, an abrasion of the epithelial lining 
leading to infection of the pericystic tissues. 

The patients are oxually elderly, and such as are 
exposed to dirt in the course of their daily occupations. 
Want of personal cleanliness is probably an important 
factor. Dacryocystitis may, however, occur in the new- 
born. In these cases it is generally due to adhesion of 
the epithelial lining, or to imperfect canalisation of the 
epithelial cord in which the nasal duct is formed. Tho 
carefol passage of a small probe ouce will eure these 
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cases. Occasionally dacryocyatitis in babies is extremely 
intractable. I am of the opinion that most of these 


he, 


FUL see 


1S.—Couper’s 
Tncryma) jicobes. 


cases are tubercular or syphilitic, 
usually originating in caries of the 
surrounding bones. 

‘Tuborele of the lacrymal sac also 
occurs in adults os a rare form of 
dacryooystitis. 

Treatment. —In the new-born x 
simple boracic lotion should be ordered, 
and tminule directions should be given 
for expressing the contents of the sac, 
which should be done very frequently. 
Many casos will be cured by this treat- 
ment, If it fails after a fortnight, an 
anesthetic should be given and a small 
probe paswed down the nasal duet, the 
greatest care being exercised to avoid 
injuring the walls of the duct. Iv is 
unnecessary to slit up the canaliculas, 
The punetum and canaliculus are 
dilated with « Nettleship’s dilator, A 
small probe (No. 1 or 2) is inserted 
vertically downwards into the eanali- 
culus, then passed gently but firmly 
inwards until the point is felt against 
the lacrymal bone. I'he probe is then 
rotated upwards and towards the middle 
line, and the probe is pushed down the 
nasal duct until it touches the floor of 
the nose. It should be remembered 


that the duct is short in the new-born. ‘The force required 
is quite slight if rightly applied in the line of the duet 


(wide p. 609}. 


Since much harm may be done by bad 


probing these cases should be treated by an expert. 


eee 


'. 
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In adults the conjunctival sac should be cocainised. 
The punctum is dilated and tho sac is syringed out 


flue 
be used. The point is inserted into the 
canaliculus; it need not pass into the 
sac. ‘Two or three syringefuls of bora- 
cic lotion are passed. Probably the 
whole of the tluid will regurgitate through: 
the upper canaliculus. The operation 
should be repoated every day for a fort- 
night or longer. In the majority of 
eases the fluid will pass freely down 
into the nose in a few days. When this 
occurs the syringing should be repeated 
at constantly increasing intervals. A 
great number of previonsly untreated 
cases can be cured in this manner, In 
the intervals between syringing the 
patient should be told frequently to 
‘squeeze out the contents of the sac. 
The rationale of this treatment de- 
pends upon the fact that the walls of 
the sac and upper part of the duct aro 
inflamed. The swollen mucous mem, vl so 
brane prevents the fluid in the eae Pre. 29—Lner's 
from passing into the nose. ‘The treat rings with, 
ment reduces the swelling and restores — syringing the 
the communication. If it is unsuee asm! yas 
cessful after trial for a week or 
peasy protargel (10 to 20 per cent.) should be used 
for syringing oceasionally instead of boracie lotion. 
If this treatment fnils it is best to excise the lacrymal 
sac. This radical operation, properly performed, 
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completely removes the disease, with a minimam of 
inconvenience to the patient. 

Many surgeons, perhaps the majority, treat chronic 
dueryocystitix by probing. ‘The canaliculus is slit ap and 
probes of increasing calibre are passed down the nasal duct 
into the nose (Fig, 298). The objections to this method 
of treatment are, (1) it is impossible to probe the swollen 
and inflamed duct without injuring the walla; (2) such 
injury may load to infection of the surrounding tissues 
and an acute cellulitis; (3) in any case healing of the 
abrasions is accompanied by the formation of connective 





Fra. 400 —Miller's retractor. 


tissue, which eontracts when it organises and leads to 
fibrous stricture instead of obstraction by swollen 
mucous membrane; (4) probing is always painful, and 
when once begun has to be continued for a prolonged 
period; (6) most eases are alleviated only temporarily, 
fresh courses of probing being required at intervals. 
Protargol should never be injected immediately after 
slitting up the canaliculus or probing. If an abrasion of 
the mucous membrane has been caused the protargol 
may be injected into the subcutaneous tissues and 
violent cellulitis follows. Orbital cellulitis and atrophy 
of the optic nerve have been known to result from 
neglect of this rule. Those faets aro proof of the injury 
done to the mucous membrane by probing. 
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Some surgeons introduce styles into the nasal duct in 
order to keep it patent. After obtaining a passage with 
probes a lead or silver style is passed into the duct, the 
upper end being bent outwards so that it lies upon the 
lid or cheek, thus preventing the style from being lost. 
This treatment has all tho objections which have been 
adduced against probing. Occasionally it is useful in 
intractable cases in young children, in whom it is difficult 





Fie, 301,—Axenfuld's retractor, 


to extirpate the Inerymal sac efficiently. Even in such © 
case it is better to extirpate the sac as well as possible 
and pack the cavity with antiseptic gauze, so that the 
wound heals from the bottom. 

Excision of the lacrymal sac is performed as follows. 
Instruments required : small scalpel, dissecting forceps, 
toothed (fixation) forceps, retractors (preferably Miller's 
(Fig. 800) and Axenfeld’s (Fig. 301) ), small blant-pointed 
(tenotomy) scissors, small Volkmann's spoon. 

A goneral anesthetic is advisable, but the operation 
ean be performed with lveal anesthesia; in the latter 


a 
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case it is well to ndd adrenalin to the cocain or eucain 
solution. The lids are held stretched outwards by a 
finger applied near the outer canthus. ‘This throws the 
internal palpebral ligament into prominence. A curved 
incision is made, commencing just above the ligament 
and extending downwards and slightly outwards to the 
inferior margin of the orbitand for a short distance along it 





Fig. $2. Incision for excision of the lnorymal su. ‘The 
broken Lines indicate the bones and orbital margin ; also 
the limits of the conjunctival sac, 


(Figs, 802—803). Lhe internal palpebral ligament should 
be severed. The underlying fascia is incised backwards 
and inwards until the lacrymal bone is exposed. The 
guide to the position of the sue is the crest of the lacrymal 
bone, which ¢an be easily felt with the finger-nail, The 
sac is thoroughly separated from the bone on the inner 
side with the scalpel. It is now necessnry to stop the 
bleeding, which may be very profuse from the branches 
or even the main trunk of the angular vein. ‘This is 


_/_ 
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effected by inserting the retractors, and by means of # 
small swab dipped in adrenalin (1 in 1000), which is 
placed in the wound and kept firmly pressed backwards 
for 1 or 2 minutes. Avxenfeld's retractor not only fucili- 
tates the operation by keeping the wound open, bnt also 
stretches the venules and stops bleeding. The sac ix 
now seized with fixation forceps, and the fundus and 
outer wall are dissected free with blunt-pointed scissors, 
The sac is pulled forwards and the posterior attachments 





Fig, 40% —Excision of the Inerymnl sac Mililer’s & Axenfeld"s 
rotractors in situ. 


are similarly freed. Finally the sae is pulled well up, 80 
fs to drag out as much of the mucous lining of the nasal 
net as possible, and is removed by a snip of the scissors, 
applied as close as possible to the bone. The wound is 
carefully inspected to see that all of the mucous tissue 
is excised. The upper part of the nasal duet is then 
thoroughly scraped out with the sharp spoon. The 
wound is completely sutured. A small spherical pad is 
ee and over this an ordinary pressure pad and 

‘The wound generally heats by first intention ; 


Ma ral 
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it should not be prossed with the finger to see if there is 
any regurgitation during the firat few days, as it is easily 


‘There is no objection to removing both lacrymal saes 
at the same operation if there is bilateral mucocele. 
When the operation is satisfactorily performed there ix 
no regurgitation on pressure over the scar. If after a 
week or two there is still some regurgitation, part ot the 
Toucous membrane has been left behind, and the opera- 
tion must be repeated. Usually it is the fundus of the 
sac which has been left. his lies above the palpebral 
ligament; hence the advisability of dividing the ligament 
in order that a good view may be obtained. Not the 
slightest evil results from this procedure. Sometimes 
regurgitation is due to leaving the mucous membrane of 
the upper part of the nasal duct; this will not occur if 
the duct is well curetted, 

In all cases of entarnct in which there ix a mucocele 
the lacrymal sac should be excised as a preliminary to 
extraction. Only some weeks after this operation, when 
there is no trace of regurgitation, is it permissible to 
proceed with the extraction. A more difficult problem is 
tho presence of a mucocele in a case of acute glaucoma. 
Here immediate iridectomy is indicated and admits of no 
dolay. In these cases the sae must be completely iso- 
lated from the conjunetival sac. This is best effected by 
passing « ligature round each canaliculus and tying it 
firmly. Some surgeons cauterise the punctum, thus 
sealing it up with a cicatrix. Hither procedure may be 
followed by the development of a lacrymal abscess, but 
in the meantime the iridectomy wound has probably 
healed, and in any case the pus is evacuated through the 
ekin and not into the conjunctival sac. 

Lacrymal Abscoss may be due to acute dacryocystitis 
or to suppuration starting in the pericystic tissues. The 


i, 
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skin over the sac becomes red and swollen. ‘The redness 
and swelling rapidly extend to the lower lid and upper 
part of the check, so that the condition may bo casily 
mistaken for erysipelas. There is severe pain, and often 
some fever. ‘I'he abacess usually points below and to 
the outer side of the sae owing to gravitation of the pus 
to the margin of the orbit. If it opens spontaneously 
pus continues to be discharged for some time and a 
permanent fistula is likely to result. 

Treatment.—If_ seen at the commencement of the 
process an attempt should be made to prevent the 
abscess pointing on the face. This is done by freely 
slitting up the lower canoliculus well into the snc. Hot 
fomentations are then applied frequently. 

Tf the abscess is fully developed it should be freely 
opened at the site where it is pointing. The pus is 
squeezed out and the cavity is thoroughly plugged with 
cyanide gauze. A hot fomentation is applied and 
repeated frequently. The plugging is repeated daily, so 
that the cavity granulates from the bottom. If the 
discharge continues for x long period the cavity should 
be well curetted and again plugged. Usually the epithe- 
lial lining of the sac is destroyed by the purulent inflam- 
mation, the sac is permanently destroyed, and the cure is 
complete. In othor cases some of the mucous membrane 
escapes destruction, and a fistula may follow. This may 
be closed by cautorising the odges with the galvano- 
cautery, but it is better to reopen the sac and extirpate 
the remnants, 

Stricture of the Nasal Duct has already been referred 
to incidentally. It is probable that most severe fibrous 
strictures are caused by probing, though it cannot be 
asseverated that they may not arise spontaneously 
us the result of deatraction of the epithelium by exten- 
sion of inflammation from the nose or lacrymal sac. 
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Occasionally bony strictures occur, usually caused by 
curion. 

Treatment-—The usual treatment of stricture of the 
nasal duct is dilatation with probes. "Nhe objections to 
this treatment have been mentioned, 1 advocate excision 
of the locrymal sac in these cas 
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The former condition is due to many causes, amonyat 
which increaso in tho orbital contents and loss of 
tone of the extrinsic ocular muscles are the moxt 
important. Enophthalmos is generally due to severe 
injary in whieh the orbital hones are fractured, or 
to orbital cellulitis with mechanical retraction by 
fibrous tissue. Slight degrees of exophthalmos or 
enophthalmos are best diagnosed by the test with a 
straight-edge. Accurate estimates of the amount can be 
obtained only by special mechanical devices (exophthalmo- 
meters). A convenient test is the following :—The patient 
is sonted, the surgeon standing behind him. ‘The surgeon 
holds the patient’s head in such a manner that he looks 
straight down the nose. He then rotates the head back- 
wards until he ean just see the apex of one cornea. If 
hy can sev more of the other cornen, that eyr is relatively 
proptosed. 


Onnrran Lernasmarion. 

Porlostitis is not uncommon, particularly affecting the 
margin. It is most often due to injuries, extension. of 
inflammation from neighbouring parts, tubercle or 
syphilis, Tubercular periostitis is most frequent in 
children, syphilitic in adults: in the former, caries of 
the bone results; the Intter is gummatous. In traumatic 
cases the margin is naturally most affected, hut a trau- 
matic clement 1 often an exciting cause in the other cases, 
ao that in these also the margin most frequontly suffers. 

When situated at the margin, the inflamed part is 
swollen and tender; the swelling is intimately connected 
with the bone, so that it cannot be moved over it. 
Syphititic cases usually respond well to treatment. ‘The 
other types generally go on to suppuration. An abscess 
is formed, and when this discharges or is opened rough 
hone can be felt with o probe, In tubercular cases 
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be extensively dixeasnd. Severe operations, involving 
the opening of the frontal or ethmoid sinuses, may be 
essential, with or without drainage through the nose. 
‘These cases often do remarkably well. They are usually 
tubercular, and occur most frequently in children. Ex- 
ploration of the orbit in children is much more difficult 
than in adults. The eye is relatively much larger in 
comparison with the size of the orbit, There is very 
little room between the globe and the orbital wall. In 
some cases it may be advisable to perform Kronlein’s 
operation (vide p. 636). 

Orbital Collulitis is purulent inflammation of the 
cellular tissue of the orbit. It is due to deep injuries, 
especially those with retained foreign body, or septic 
operitions, e.g., enucleation of the eyeball; extension of 
inflammation from neighbouring parts, especially the 
nasal sinuses; facial erysipelas; metastasis in pywtuia, 
meningitis, infective fevers, &. 

There is great swelling of the lids, with chomosis. 
‘The eye is proptosed, and its mobi impaired. Pain 
is severe, increased by movermont of the eye or pressure 
upon it. Fever is present, and cerebral symptoms may 
arise. Vision may not be affected, or it may be reduced 
owing to rotrobulbar neurilis. An abscess is formed 
which usually points somewhere in the skin of tho Hds 
near tho orbital margin, or it may empty into the fornix 
conjunctive. Panophthalmitis may suporvene. There 
is grave danger of extension to the meninges and brain, 
Jeading to m fatal issue from purulent meningitis or 
cerebral abscess. Thrombosis of the cavernous sinus 
(q.v.) may result from orbital cellulitis, and is always 
difficult to diagnose from it, 

Treatment.—Hot fomentations are applied, but must 
nob be relied upon too long. An early incision, as in 
orbital periostitis (q..) is imperative. Even if pus ia 
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irido-cyelitis, and is constant in panophthalmitis. Tt 
may also follow tenotomy, c. Simple serous Tenonitis 
is rare, and has been attributed to influenza, gout, 
rheumatism, ‘ec. 

Treatment consists in the application of hot fomenta- 
tions, and the evacuation of pus, if this forms. When 
it occurs as part of panophthalmitis, &e., it requires no 
apocial treatment. 


Disrexston or tne Accessory Srvuses or ime Nose. 


‘Tha nevossory sinuses of the nose—the frontal, 
ethmoidal, and sphenoidal sinuses, and the antrum of 
the superior maxilla—are separated from the orbit only 
hy thin plates of bone. The ovifices which form the 
communication between these cavities and the nose are 
liable to become occluded by eatarrh, polypi, &e. The 
normal sero-macous discharge is thus unable to drain 
into the nose. ‘The cavities become distended with fluid, 
and owing to the proxence of pyogenic organisms pus 
may be formed. The treatment of the conditions thus 
set up cannot be considered part of the functions of the 
ophthalmic surgeon, but he must be prepared to diagnose 
them since they not infrequently appear for the first 
time in the ophthalmic clinic. This is particularly the 
case in distension of the frontal, esthmoidal, and 
sphenoidal sinuses. Of these the frontal sinus suffers 
most often, 

Distension or empyema of the frontal sinus causes 
bulging at the upper and inner part of the orbit (ig. 804), 
There may be ome proptosis and displacement of the 
eyeball downwards and outwards, but these features are 
more marked when the ethmoidal sinus is involved. 
There is considerable pain and tenderness, with severe 
headache. hore is often discharge from the nostril of 
the same side, or manifest disease of the nasal cavities, 
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Treatment of distended frontal sinus consista in 
providing free discharge of the contents through the 
nose. In most cases a radical eure is effected only by 
laying open the sinus, scraping away completely the 
iseased mucous mombrane, and passing a drain down 
into the nose. he disease is tedious to treat and much 
disfigurement may follow. 





Fig. 304.—Ditension of the frontal tans. 


Inseetes or tHe Onsrr. 


Tnjuries to the soft parts usually arise from penetration 
of a foreign body, which may be retained. The lids and 
eyeball are frequently implicated. ‘The signs depend 
upon the particular etruetures injured. In most cases 
there is considerable hamorrhage ; as the blood does not 
find a ready oxit exophthalmos may reault. Extra- 
wasation of blood under the conjunctiva and into the 
lids is common. Paralysis of extrinsic muscles 
due to direct injury or to injury of the moto 
The optic nerve may be severed or retrobulbar neuritis 
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Probably most are endotheliomata which haye undergone 
degenerative changes. Extradural tumours spring from 
the dural sheath and are also probably endotheliomata 
(Fig. 807). All these optic norve tumours are most 
common in children and are locally malignant, but 
show little or no tendency to metastasis. They may 
kill the patient by intracranial extension. 

Most orbital tumours cause proptosis, which ia very 
rarely straight for- 
wards except in the 
ease of optic nerve 
tumours. This isan 
important diagnos- 
tie feature. ‘The 
mobility of the eye- 
ball is impaired 
in the direction 
towards the position 
of the tumour. 
Papillitis may be 
present, especially 
with optic nerve 
tumours. Optic 
atrophy from pres- 
sure on the nerve 
is common in the 
other forms. ‘The tnmour may be palpable by the finger 
pashed back between the globeand the orbital wall. The 
lymphatic glands are seldom affected. 

Caroful examination of neighbouring parts—nose, 
antrum, month (espocially the naso-pharynx, and line 
Of the teeth)—must be made to determine whether the 
invasion of the orbit is secondary or whether the growth 
is primarily orbital. 

Preatoent—An oxploratory operation and removal of 


ra 





Fig. 307,—Rxtradural timour of the optic 
nerve (x 14}. 
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a portion of the growth for microscopic examination may 
be a necessary preliminary to radical treatment. It 
may be feasible to remove dermoid cysts and some 
other benign tumours without injury to the globe, 
though its mobility is likely to be impaired in extensive 
operations. As already mentioned, many malignant 
orbital growths show little tendency to metastasis, so 
that their treatment may be more conservative than is 
usual in other parts of the body. ‘Thus, it is possible 
in some cases of optie nerve tumour to remove the 
growth whilst retaining the eyeball. This can be 
is also of great 
utility ws an exploratory procedure in some cases. In 











affected by Krinlein’s uperation, wh 


it a semnilunar incision is made vertically just outside 
the outer canthus, the convexity being directed forwards. 
The bone is chiselled through nt the upper and lower 
outer angles of the orbit, and bone, muscle and slain are 
flap. ‘The posterior part of 
the orbit is thus exposed in a manner which is impossible 
by any other method. ‘The greatest care must be 
exercised that infection does not occur, since the spongy 
bone is laid open and there is also danger of meuingitis. 

In the case of more malignant typos of tumour their 
complote removal is imperative at all costs, and the eye, 
whieh may be quite normal, may have to be sacrificed. 
Tn these cases, as well ax in recurrence or in orbital 





reflected backwards inc 








extension of malignant intraocular growths (glioma of 
the re 
to remove the whole contents of the orbit. 

In exenteration af the orbit the lids may be retained if 





ina, surcamn of the uyeul tract), it may be necessary 


they are not implicated in the growth, but the free 
margins, carrying the cilin, should always be removed. 
Lf this is not done the laahes are troublesome when the 
lide become retracted into the orbit, as invariably follows. 








If the lids are removed the incision is carried through 
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the skin at the margin of the orbit in its whole cir- 
cumference. The orbital contents are separated from 
the walls by a periosteal elevator, so that they remain 
attached only at the apex of the orbit. The pedicle is 
then severed with strong scissors, hemorrhage being 

controlled by pressure. Theorbit is packed with gauze 
and firm pressure is kept up. Ata later stage it may 
be advisable to apply Tiersch grafts to the walls, since 
the lids and conjunctiva never afford sufficient epithelial 





F1G, 308 — Exophthalmic geitre. 


covering, and the extension of the epithelium over so 
large a surface is a tedious process. 


Sreciuat Forms or Bxovarnannos. 
Exophthalmic Goitro (Syne.—Graves's or Dasedow™ # 
Disease) is one of the commonest causes of exophthalmos 
(Fig. 308). Tho symptom complox includes, besides 
proptosis, enlargement of the thyroid gland, tachycardixe, 


v4 
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and muscular tremors. The proptosis is almost always 
bilateral and may be extreme, loading to lngophthalmia 
and its deleterious consequences (vide p. 253). Thore is 
a peculiar stare, with retraction of the upper eyelid, so 
that there is an unnataral degree of separation betweon 
the margins of the two lids (Dalrymplo’s sign). Normally, 
when vision is directed downwards, the upper lid mayes 
concordantly with it, In this disease the upper lid 
follows tardily or not at all (von Graefe’s sign): this 
symptom is not always present and may occur in other 
forms of exophthalmos. ‘There is diminished frequency 
of winking and imperfect closure of the lids during the 
act (Stellwag’s sign). There may be imperfect power of 
convergence (Mébius’ sign), and often the skin of the 
eyelids shows pigmentation. Ophthalmoscopleally veins 
and arteries may be somewhat distended, but specific 
signs are alwent. One or more of the eurdinal symptoms 
may be absent. The eause of the disease is anknown, 
‘The most probable theory attributes it to orarproduction 
or other disorder of thyroid secretion, but it has also 
been attributed to disease of the cervical sympathetic 
ganglia, of the central nervous system, ke. 

It is necessary for the ophthalmic surgeon to be able 
to recognise the disease. Further details of its nsual 
eourse and treatment must be sought in medical text- 
books. 

Puisating Exophthalmos is gonerally due to arterio- 
venous angurism, the communication taking place 
between the internal carotid artery and the cavernous 
sinus. The eyeball is protruded and the blood vessels of 
the conjunctiva and lids are dilated. ‘They can be seen, or 
more easily felt, to pulsate synchronously with the arterial 
palse, The patient complains of continual rumbling, as 
of a waterfall, and this can be heard on auscultation over 
the eye or orbit by the surgeon. The proptosis is 
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diminished by steady pressure on the globe, and may be 
diminished or abrogated by pressure on the common 
carotid artery of the same side, or sometimes only by 
pressure on the carotid of the opposite side. Ophthal- 
moscopically the veins of the retina are greatly distended : 
there may be papillitis with defective vision, which may 
amount to complete blindness. There is often con- 
siderable pain from stretching of the branches of the 
fifth nerve. 

The cause of the arterio-venous aneurism is usually a 
severe blow or fall upon the head, but probably in all 
cases the walls of the artery are already degenerated. 
It may occur from syphilitic or other arteriosclerosis, 
without discoverable traumatism. The exophthalmos in 
rare cases subsides spontaneously. More commonly it 
increases, and may end in hemorrhage or death from 
cerebral causes. 

Treatment—Continuous pressure applied to the carotid 
artery which stops the pulsation usually fails to effect a 
cure. Ligature of this carotid has been more successful, 
but recurrence of pulsation not infrequently occurs. 

Intermittent Exophthalmos occasionally occurs, 
generally when the hend is depressed, enophthalmos 
not infrequently being present in the erect position. 
The proptosis is increased by pressure on the corre- 
sponding jugular vein. It is ascribed to varicosity of the 
orbital veins. 
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(8) Conjunctiva. — (a) Ocular — congestion (con- 
junctival and ciliary), secretion, phlyctenules, growths, 
wounds, ke. 

() Palpebral—congestion, granulations, sears, 
concretions, ulcers, co. 
(c) Plica semilunarie—displacement in pterygium, 





growths, ke, 
(d) Caruncla — inflammation, granulations, 
growths, &e. 
(B) Cornea.—(a) Sive—glaucoma, buphthalmia, &e. 


(b) Curvature — conical, buphthalmia, anterior 
staphyloma, abrasions (vide p. 100), &e. 

(c) Surface—corneal reflex, abrasions, ulcers, 
foreign bodies, &e. 

(d) Transparency—ulcers, nebulie, keratitis (super- 
ficial and deep vascularisution, vide p. 108), k.p.." 
wirinte opacity, &e. 


(10) Sclerotie,—(a) Curvature and colour myopia, 
staphyloma, episcleri 
(b) Vessels—ciliary injection, episcleritis, scleritis, 

ke. 

(11) Anterior chamber.— (uv) Depth — («) shallow— 
perforating wound, glincoma, dislocation of lens, &e.; 
(4) deep — buphthalmia, irido-cyclitis, dislocation of 
Jens, &c.; (7) irregular —iris bombé, dislocation of 
lens, ke, 

(b) Contents—cloudy aqueous, hypopyon, hyphema, 
foreign bodies, dislocnted lens, &e. 








(12) Iris.—(a) Colour—muddy in iritis, heterochromia 
{congenital and in ivido-« is), atrophy, ectropion of 
uven, melanomata, &e. 

()) Position, especially plane of surface — 
iris bomlé, retraction in irido-cyclitis, pseudo- 
glioma, &e. 
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(18) Pupils.—(a) Relative size (vide p. 110). 

(6) Reaction to light—direct, consensual, main- 
tenance of constriction (ride p. 108). 

(c) Reaction on .convergence. 

(d) Synechiws—anterior and posterior. 

(14) Intraocular tension.—Increased in glaucoma, 
irido-cyclitis ; diminished in irido-cyclitis, perforation or 
rupture of the globe, &c. 

(15) Central vision (vide p. 156). 

(16) Lens.—By oblique illumination and the ophthal- 
moscope. 

(17) Vitreous.—Opacities, fluidity, foreign bodies, 
hemorrhage, “retinitis proliferans,” persistent hyaloid 
artery, &c. 

(18) Fundus.—(a) Optic disc—blurring of the edges, 
swelling, cupping, colour, crescents, &c. 

(b) Retinal vessels—size, contour, tortuosity, &e. 
(c) General view—retinitis, choroiditis, &. 
(@) Periphery. 
(e) Macula. 
(19) Field of vision, 
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THERAPEDTIC NOTES 


(The Strengths of lotions, c., are given in percentages 
1 per cout. = gr. v. to je (approximately)). 


Lips. 


Lotions, —8 per cent. Sodium bicarbonate. 
8 per cent, Borax. 

These are used for dissolving the crusts in blephoritis. They 
may bo used in conjunction with 1 to 2 per « 
1 to 2 por cont. rovorcin, Liquor earbonis det 
Bi), he 





valicytio acid, 
sons (ML i—iv. to 





Pigments.—10 per cent, Silver nitrate. 


1 per cent. Picri¢ acid. 





‘Those are used for nicerstive blephnritis ; the excess should be 
romoved with colton wool, 


Oiatments,—2 per cent. Ammoniated mercury. 
8 per cent, Yellow oxide of mereury. 





9 well rubbed inte the Iushes for five minutes thr 
aday after removing the crusts in ulcerative blopharitis 





native preparations arv 1 per cont. salicylic acid, 3 per cent, airol, 


yol, de 





hy 


t. rescein, § per cen 





Cor 





SUNCTIVA, 





otions.—8 per cent, Boracic acid 
1 in 5000 Perehloride of mere 





Those are used as clean 





lotions in acute conjunctivitis, and 
«; they shoul 


a rule 


hare slight antiseptic p 





exyual quantity ef het wi 
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casa, Fy., cornoal nobulwe, scleritis, irido-cyclitis, &e. Tt has not 
yet attamned an assured position in the ophthalmic pharmacopayia, 
‘and must therefore be used with caution, 

Subconjunctival Fajections.—These have been recommended for 
tho samo roasons as tionin, and their valuo, if any, is still 
unproved. Many solutions have been used, Sterile 2 to 10 per 
cent, salt solution ix the best; the others probably possess no 
advantage, and are in some cages Hable to cause necrosis. Tho 
injection is mado with » hypodermic noodle under tho bulbar 
conjunctiva as fur back us possible above the globe. There ix 
considerable reaction and pain. Not more than 6 to 10 minizs 
should bo injocted very othor day, 


Ointments,—Vasoline, 
16 per cent, Boracic acid ointment. 


‘Thoso aro used to prevent tho lids from sticking together and 
thus causing retention of secretion, 


1 to 8 per cant. Yellow oxide of mereury. 
‘This is uscd as a stizqulant in chronic conjunctivitie, 





Cornra, 


Lotions.—The same collyria as for conjunctival con- 
ditions are used as cleansing and antiseptic measures. 
The astringent collyria ure seldom indicated. 


Pigments.—1 por cont. Silver nitrate. 

‘This is indicutel in some cuses of marginal ulceration (eile 
p. 201). 

Pure carbolie acid. 

‘This is ussl as a cauterising agent in bypepyou uloer (ride 
p. 285). 

Drops. —Thess are the ordinary mydrinties and eyelo- 
plogies, and in rare cases miotics (vide infra), 

Dionin or eubconjunctival injection is scenctimes wad with = 
vinw to clearing corneal nebube. Two per cont, fluorescein im 


3 per vent. hiearkonate of sodiam schstion é used for staining 


ulcers and abrasions for diagnostic purposes 
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Ointments.—These are the same as for conjunctival 
conditions. 

2 to 5 per cent. iodoform, xeroform, or airol ointment may be used 
in corneal ulceration. Dionin {8 to 10 per cent.) and mycriatice 
may be prescribed in ointment form. 1 to 5 per cent. yellow oxide 
of mercury ointment is used in gradually incroasing strength to 
aid in the clearing of nebule and the opacity of interstitial 
keratitis: it may be combined with dionin. 


Mypriatics anp Cycorieaics ; Miortics. 


Mydriatics and Cycloplegics (vide p. 78).—} to 1 per 
cent. Atropin sulphate. } to } per cent. Hyoscin or 
Scopolamin hydrobromide. } to } per cent. Duboisin 
sulphate. } to 1 per cent. Daturin sulphate. 

‘These are used us drops or ointment in corneal ulcers, iri 
irido-cyclitis, Ge. Atropin is used generally, the others being 
employed ns substitutes when atropin causes irritation. Hyoscin 
occasionally causes delirium and should be watched. 




















1 per cont. Homatropin hydrobromide, with or without 
2 per cent. cocain hydrochloride. 

1 to 2 per cent. Euphthalmin hydrochloride. 

‘These ure used for investigation of refraction and for ophthalmo- 
scopic examination; also for the diagnosis of synechisw (vide 
P. 289) and occasionally for the diagnosis of increased tension (vide 
p. 289). 

2 per cent. Cocain hydrochloride. 


This is used occasionally in old people as a mydriatic for ophthal- 
moscopic purposes, being less likely to raise the tension, the effect 
being readily counteracted by miotics. 








Miotics (vide p. 74).—} to 1 per cent. Pilocarpin 
hydrochloride. } to 1 per cent. Eserin or Physostigmin 
sulphate or salicylate, with or without 1 per cent. cocain 
hydrochloride. 

‘These uro used in glaucoma (y.r.), and occasionally in other 


eases (vide pp. 2 The offect of cocain is to assist the 
absorption of the other drug. 
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Vaso-Consrniorons. 


1 in 1000 adrouatin hyilrochloride snay be ndded with advantage 
to the cocain solution in performing tenotomy, advancement, &e, 
If is used alone in excision of the ln tl svc, atid occasionally in 
conjunctivitis (esde pp. 197, 211). Te may be combined with 4 por 
cont. chloretoue. 








Cane or Insrrumens. 


Ophthalmic instruments should be kopt in an airtight glawe 
cibinot, or whan ict constantly in uso in velvet-lined cases, 

All instruments should be sterilised before nse by boiling in 
3 per cunt. sodium carbonate solution (uot bicarbonate), made with 
Med water. This procedure does not impair the cutting edges 
but knives and scissors should not be boilod mons that: three tu Sve 
yninates: this ie atoply sulticiont if the surfaces aro bright and free 
from tarnish, as the ht to be, Tf distilled water cannot be 
obtained the cutting instruments Hhould be well souked in pure 
carbolic neid bofore bsing traneforred to the dish. 

‘The instruments may be removed fron the steriliser wliately 
deform operating and uaed dry. More commonly ther are immersed 
in fluid in dish, "Tho fluid should bo 3 por cent. eodiuan carbounte 
which lus been boiled. Zn nv ose wnat Ceowole lotion be nec, since 
‘it tarnishes the steel. 
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Rowan Navy. 


4. Tilindness or defective vision, imperfect perception of colours, 
fistula lacrymatis, or any chronic diseasy of the oyes or oyelids 
ronders tho candidate unfit. Full normal vision is required my 
determined by Snollon's teste, oach oye being separately examined, 
for all candidates for appointments in the executive or enyineer 
branches, and for the Royal Muri Full normal vision is not 
required for candidates for other branches of the Royal Navy, but 
any defect of vision uast be due to errors of refraction which can 
bo corrected to normal by glasses, and cach case will bo specially 
convidered on its morits. 








(Admiralty, October 8th, 1905.) 


Avrorsruenrs Uxpen ran Covesxmenr or Invi, 


The Civil Service (Uncovenanted), the Ecclesiastical, 
Education, Sult, Opium, Geological Survey and Civil 
Veterinary Departinents, 


1, A candidate may bo adwitted into tho Civil Sorvico# of the 
Goyornmont of India if ametzoyio in one or both wyes, provided 
that, with correcting Tenses, the acnteness of vision be not Jess 
than § in ono eye aud g in the other; there beityy no morbid 
changes in the fundus of either eyo, 

Cases of myopia, however. with w posterior staphyloma, may 
be udmitted into tho service, provided the umotropia in either oye 
dows not exceed 25 D, and no active morbid changes of chorvid or 
rotina bo proaont 

3, candidate who has a dofcct of vision urising from nebula of 
the cornea is disqualified if the sight of either eye be less than 
and in such a caso tho ucuteness of vision in the better eyo must 
equal g, with or without glasses 

4. Paralysis of one or more of the exterior muscles of the eyeball 
disqualifies a candidate for the Iouian Civil Services. Iu the emo 
of a candidate eaid to bave boon cured of strubianus by operatic 
but without restoration of binocular vision, H, with correeting 
giusees, the vision roach the above standard (1), and if the move 
ment of cach eye be good, tho candidate may bo passed. ‘the 
sume rule wppliea te the caso of unequal umotropm without 
binoctlar vision, both eyes having fall acutenass of vision with: 
glasses and goud movement, 
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aoutonces of vision in ono nye, when corrected, being equal tog. 
and in the othor f, together with normal rungo of accommodation 
with the correcting glass, there being no evidence of progressive 
disease in the choroid or retina, 

3. A candidate having total hypormotropia not oxcoeding 4 D ia 
not dimualified, provided the sight in one eye (when \nder the 
influence of atropine) equals g, and in tho other eyo equals g, with 
+ 4D glasses, or any lowor power. 

4, Hypormotropic astigmatism doos not disqualify, provided the 
lens oF combined lenses required to caver the error of rofractinn do 
not exoced 4D, and that the sight of one eye equals §, and of the 
othor g, with or withoub such lens or lenses 

3. A candidate having a dofoct of vision arising from nobula of 
the cornea is disqualified if the sight of onc oye be leas than yy. In 
much « case the better eye must be emmotrojnc. Defects of vision 
arising from pathological or other changes in the deeper structures 
of either eye, which are not refurred to in these rules, may exclade 
a candidate, 

6, A caniidate is disqualified if ho bo unublo to distinguish tho 
principal colours (achromatopwia), 

Paralysis of one or more of the exterior muscles of the eyeball 
disqualifies a candidate for the worvi 

















The Indian Medical Service and the Police Department. 

1, Ifa candidate can read D = Gat 6 motres (20 English feet) 
and D = Oat any distanco selnoted by hisnswelf, with each age 
without glassoa, he will te considered fi 
2. If candidate can only read D — 2¢ at 6 metres (20 Hnglish 
foot) with each eso without glasses, his visnal deficiency being dae 
to faulty refraction, which ean be corrected by glasses which enallo 
him to read D = 6 at 6 metros (20 English foct) with one oye, and 
T) = 12 at the same distanco with the other eye, and can also ruad 
D = 08 with onch eye without glazes at any distunce aelocted by 
himself, be will be considered fit 

3. If a candidate cannot rout D) — 24 at 6 motres (20 Euglish 
feet) with cach eyo without glass, notwithstanding he can road 
D 0-4, be will be comsidored undit 

4. Squint, inability to distinguish the principal colours, or any 
morbid condition, subject to the risk of THVatiOn OF THCUTFENGE 
in either oyv, will cause the rejection of a candidate. 

N.B.—In all other respects, candidates for those twe branches of 
the service inst come up to the standard of physscal requirements 
laid down for candidates tur commissions in tho urmy 
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The Indian Pilot Service, and Candidates as Guards, 
Engine-dvivers, Signalmen, and Pointsmen on 
Railways. 





1, A candidate is disqualified unless both eyes are emmetropic, 
his ucutoness of vision and range of accommodation being perfoct. 
2. A candidate is disqualitied by any imperfection of his colour 
sense. 
3. Strabismus, or any defective action of the exterior muscles of 
tho eyeball, disqualifies a candidate for these branches of service. 


The Indian Marine Service, including Engineers and 
Firemen. 


1, A candidate is disqualified is he have an error of refraction in 
one or both eyes which is not neutralised by a concave or by a 
convex 1 D lens, or some lower power. 

2. A candidate is disqualified if he cannot distinguish the 
principal colours and their various shades, red, green, violet or 
blue, and yellow. 

3. Strabismus, or any defective action of the exterior muscles of 
tho eyeball, disqualifies a candidute for this branch of service. 


Special Duty. 


Candidates for special duty undor Government must possess such 
an amount of acuteness of vision us will, without hindrance, 
enable them to perforin the work of their office for the period their 
appointment may last. 

(India Office, 1905.) 


Pwor Service. 


1, Form Vision.—A candidate must have no defect of sight; he 
anust be able to read without glaxses 6/6 by each eye separately at 
the required distance, and the near typo at the distance for which 
it is marked. 

2, Squint, or any defective action of the eye muscles, or any 
disenso of the eye, disqualifies. 

3, A candidate is disqualified by any imperfection of hie colour 
sense. 

(A description of tho method of examination is provided.) 

(Honourable Trinity Corporation, London ; H. 4227.) 








654 APPENDIX If. 


Masrens axp Mares or Tae Mercantine Manne, 


‘The sight tests aro three in number: (1) Form test; (2) Colour 
vision test; (3) Colour ignorance test, Lengthy instructions are 
provided ns to the requirements and methods of examination. 
Those should bo studied by any candidate. Porm vision is tested 
Snellon’s typos or by dot for thase who cannot read, Candie 
dates may uso both oyes or vither oye, but must not uss glinsses of 
avy kind. If tho candidate at 16 fect from the test can read 
carmetly throo of the five letters in the fifth line from the top, or 
four in either of tho two lines below, ho may be vonsidared to have 
jwanod the test.) 


















ABERRATION, chromatic, 67 
spherical, 66 

Ablatio retinze, 386 

Ablepharon, 606 

‘Abrasion of cornea, 428 ' 

‘Abscess, lacrymal, 

‘Accommodation, 





7 
and convergence, 
5, 581 
alysis of, 515. | 
Epaama of, B16 
Achromatopsia, 81, 431 
Acuity of vision, 78, 156 
‘Advancement operation, 541, 560, | 
569 


Albinism, 148, $88 Hl 
‘Amaurosis, 419 
uremic, 381, 420 
Amblyopia, 419 
congenital, 419, 550 
ex anopsia, 419, 550 
heteronymons, 419 
hysterical, 420 
toxic, 384 
Ametropia, 45, 488 
axial, 51, 
aud 


curvature, 
502, 506 
index, 51, 
502, 07 

Amotio retinw, 386 
Amplitude of ‘accommodation, 61, 








136, 492, 
187, 492, 
137, 492, 





164 
convergence, 527 
Anremia of optic dise, 402 
retina, 369 
Anatomy of extrinsic muscles, 517 
eye, 1 
lacrymal apparatus, 
608 
lids, 574 





Angioma of lids, 604 


NDEX. 


Angle 7. 546 
jetre, 525 

Aniridia, congenital, 304 
traumatic, 430 

Anisometropia, 65, 508 

Ankyloblepharon, 597 

Anterior chamber, anatomy of, 8 

examination of, 


Aphaki 
Arcus juvenilis, 268 
senilis, 267 
Argyll-Robertson pupil, 110 
Artificial eye, 481 
pia, 53, 506, 563 
Astigmatism, 58, 508 
irregular, 57 
lenticular, 65 
regular, 57 
Atropin, 78, 647 
irritation, 209 














BActuuws coli, 185 
diphtheria, 187 
Koch-Weeks, 176, 188 
Morax-Axenfeld, 197 
tubercle, 191, 208, 295, 

361 
seuss HE 

Band-shaped opacity, 268 

Basctow' alesse, 637 

Beer's knife, 584 

Binocular diplopia, 524, 681, 536 
vision, 524 

Bierrum’s test types, 170 

Blennorrheea, 180 

Blepharitis, 578 

Blepharophimosis, 597 

Blepharospasin, 192 

Blood supply of eye, 13 

Buller’s shield, 182 

Buphthalmia, 326 
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Burns, 126 
Burow’s opemtion, 680 


CarrnorLasry, 684 
Canaliculus, 609 
alitting of, 
Canal of Schlemin, 3, 
Careinomn of choroid, 411 
lacrymal gland, G11, 
183 
id, 608 
“ Gartella” shield, 475 
Cataract, 328 
ter, 344 
anterior capsular, 
3a 













axial, $13 
blnok, 342 
eontml, S43 
eomplicated. 345 
concussion, 133 
congenital, 43 
coallitorm, 843 





diabetic, HAF 
hard, 382 
infantile, 334 





lamellar, $388 
nuclear, 3 
perinuclear, 888 
posterior cortical, 341, 
345 
polar, 41, 340, 
‘ 


punctate, 343 
pyraricial, 348 
secondary, 4, 345 
senile, 298 
soft, 932 
total, $90, 344, 46 
traumatic, 43%, 489 
unilateral, 82 
sonwlar, 338 

risation af cornes, 245 











Caw 
Conte 
Gayernious angiomn, 604 
sinus thrombonia, 629 
Cellulitis, orbits 
Chalasion, 6 
Chomosia, 173 
*“ Chokod di 
Cholesterin, #41 
Chorvid, anatomy of, & 














INDEX. 


Choroid, diseases of, 356 
injuries of, 481 
Choroiditis, 856 
anterior, 0 
central, 361, 363 
areata, 
uttate, 363 
ciroumpapillary, 9 
diseenntmated, $07 
Forster's areolar, 
myopic, 195 
purulent, 446 
Ty's, 303 
Chromntopsin, 421 
Ciliary body. a 





















omy of, & 
Jinan af, 252 
injuries of, 430, 487 

Citlo-retinal weasels, 148 

diffusion, #4 





INL, 18 
poentno., ‘177 
6L4 
staphylon 1 
$83, 61h 
atropto, 18}, 185, 188 
on 
* Colloid bodies 


188, 44 
18s, 241, 








1, 244, 581, 








49 





optic disc, 44 
Colour blindness, $1, 481 
Coloured vision, 42) 
Colour senee, 86 
Commotio retina, 496 














Conoretions, 21 
Congenital abnormalities of— 
chorofid, 
irin, 904 
lane 





lids, 

nasal duct, 615 

optic nerve, 404 

pancta, 614 

retina, 391 
Conical commen, 27t 
Conjugate deviation, 520, 122, 5 
Conjunctiva, anatomy of, 171 

f, 172 

disenses ot, 171 
examination of, 92 
hyperemia of, 172 








INDEX. 


Conjunctiva, secretion of, 175 
Conjunctivitis, 173 
angular, 197 
diphtheritic, 186 
diplobacillary, 197 
due to drags, 209 
eczematous, 189 
follicular, 198 
gonorrhceal, 180 
granular, 199 
membranous, 
186 
muco-purulent, 176 
phlyctenular, 189 
purulent, 180 
simple acute, 175 
pple chronic, 195 
, 428 
ids, 603 
Convergence, 64, 520 
amplitude of, 527 
and accommodation, 
525, 551 
Corectopia, 804 
Cornea, anatomy of, 1 
diseases of, 220 
sxamination of, 99, 130 
glaucoma, 273 
size of, 312 
Corneal loupe, 102 
Corresponding points, 523 
Couper's probes, 616 
Crescent, inferior, 405 
myopic, 494 
Cryptophthalmia, 606 
Cup, glaucomatous, 314 
physiological, 146 
Curette, 469 
evacuation, 467 
Cyelitis, 299 
chronic, 300 
plastic, 303 
purulent, 446 
simple, 300 
sympathetic, 449 
Cycloplegia, 515 
seeps plsucomatons, 316 
sympathetic, 450 
traumatic, 480 
Cycloplegics, 78, 647 
Cystotome, 469 
Cysts, Meibomian, 583 
of conjunctiva, 217 
orbit, 633 
tarsal, 583 


DE 


178, 





Contusion of 
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DacnyoapentTis, 610 
Dacryocystitis, 614 
Dacryops, 611 
Dalrymple’s sign, 638 
Day blindness, 431 
Degenerative changes in— 
choroid, 362 
conjunctiva, 212 
cornea, 267 
Tens, 328 
retina, 366 
retinal vessels, 372 
vitreous, 350 
Dermoid cyst, 633 
Dermo-lipoma, 218 
Dermoid cyst of conjunctiva, 218 
Desmarres’ entropion forceps, 592 
retractor, 104 
Diabetes, 295, 347, 381, 582 
Dioptre, 36 
Diplopia, binocular, 524, 581, 536 
uniocular, 333, 432 
Diselssion, 463 
Dislocation of lacrymal gland, 610 
Tens, 310, 331, 429, 
431 
Disparate points, 524 
Distichiasis, 606 
Dyschromatopeia, 422 





EcchyMosts, subconjunctival, 214 
Ectopia lentis, 349 
Ectropion, 579, 601 

of uveal pigment, 319 
Electric light ophthalmia, 211 
Electrolysis, 586 
Elepbantiasis neuromatodes, 607 
Etbolism of central artery, 370 
Enmmetropia, 43 
Emphysema of lids, 602 
Empyema of frontal sinus, 630 
Enophthalmos, 625 
Entropion, 586 
Epicanthus, 606 
Epiphora, 579, 611 
Episcleritis, 277 
Epithelioma of conjunctiva, 219 

lid, 605 
Errors of refraction, 45, 488 
correction of, 
510 
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ential abrinking of conjunertva, 
m3 
Kyversion of punctum, 6 
upper Lily 
eration of eyobs 
ation of exe, 
external, 9 
ophtlinimosce 
prelitainary, a1 
inion of eyeball, 477 
Tnorymal mo, 612 
Exenterntion of erbilt, 636 
Ksopboria, 562 
Kaophthalinie goiter. 687 
Banphthitmos, 635, 
mtecunittent, 69 
pulating. 683 









Kyi 
xm 























Kapreasion, 207 
Extraction, linear, 4 
of meniie cntarnot, 468 





Faorr 

Fibro-fatty tamour, 218 

Hibroma of conjunctiva, 217 

Field of viston, binoculay, 170, 410 
in glaucoma, $28. 
unlocular, 81, 16%, 


4 











Filtering ccar, 32 
Vistula corneal, 








lucrymal, 10, G23 
Fixation, development of, 543, 561 
eccentric, 48, 





Focal illumination, 101 
Forceps, eapsulo 
entropion 
fixation. 245 
Giradily's, 206 
Cicitlith’s, 686 
iris, 298 
Prince's, 5 
Tesby 
Foreign bodies, 4 
intraocular, 40 













Form vente, 
Féreter's nrcolar ehorviditia, 361 
capsule forcoye, 2 











Foren centraliv, 1D, 148, J 
Frontal sinus, 63 
Funotional examiuation, 14 
Fundus ocali, 4 


bine, 
elated, 140 
© Fusion centre,” 554 





INDEX. 


Graxns, Keane's, 574, 608 
hncrrmal, BANS 
Meibomian, 676, 68% 
Moll's, 
ek 














Glass rod, 

Glxweorna, $07 
ansonte, 311 
neue, S16 
chronic. 
congestive, 317 
Lwmorrhagie, 311 
infantile, 327 
primary, 311 
secondary, 308 

if optie nerve, GH 
tine, A 

206 

















Grante knife 
Graefe's sign 
Grout 









He Axcrowa. 604 








Finmorrhage, intraoes lar, 229, 810, 
428 
tinal, 375 
Hemianop 
Hemianopic pupil reaction, 71 





109, 416 
Herings theory, 80 

Herpes corner, 208 

Hess's operation, 000 
Heterochromin iridin, 107, BOM 
Hetorophorin, 56 











Wppos, 72 
Hole in retina, 438 
Holugren's wool, 422 
Howatrogin, 78, 617 
To om, 541 





Hutchinson's toeth, 
Hyaloid artery, porsietent, 
membrane, 13. 
Hydrophthalmin, 826 
Hypermmia of conjunctiva, 172 
194 











Hypermutropio. 4 
Hyperphoria, 56% 
Hyphae, 283 
Hy por 

Hypoplasia of 
Hypopyon, 
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Keratitis, purulent (see also Ulcer), 





Insuntes, perforating, 435 1 
to the eye, 493,602 | 220 
lids, 602 | rare forms of, 267 
orbit, 602, 681 superficial punctate, 260 
Intraocular pressure, 18, 307 i vesicular, 273, 
i 321, 455 Keratocele, 226 









for glaucoma, 
of prolapsed iris, 239 
optical. 
Irideremia, congeni 
traumatic. 430 
Iridocyclitis. See CycLiTis. 
Iridodialysis, 430 
Iridodonesis, 108, 113, 327, 331, 
431 
Iridotomy, 461 
Iris, anatomy o 
atrophy of. 
bombs, 291, 
eases of, 
examination of, 107, 129 
injuries of, 429 
operations on, 435 


Keratoconus, 271 





Knapp’s roller forceps, 207 
Knife, Beer's, 384 
nefe, 247, 469 
lance, 237 
Stilling’s. 612 
Tweedy's, 612 
Weber's, 611 
Weeks bacillus, 176, 188 
74, 286, 301 
Kranse’s glands, 574, 608, 
Krdulein’s operation, 636 























Iritis, 888 
diabetic, 295 LACRYMAL apparatus— 
gonorrhea, 204 anatomy of, 608 
gummatous. dscns of, 10 





purulent, 446 





nination of, 9X 














“rheumatic,” 204 * Lagophithalmia, 253, 598 
serous,” 299 Lead deposits, 2 

aympath Lens, anatomy of, 11 

syphilitic. of (se alo Catar- 





tubercular, 


JAEGER’S test type: 
Jnesche-Arlt operat 


injuries of, 431. 
operations on, 46: 
Lenses, 31 
cylindrical, 
Leucoma, 225 
rs adh 
















bullous, 273, 319 
elagophthalmo, 253 
filamentary, 273, 319 
interstitial, 261 
anycotic, 248 
neuroparalytic, 234 
non-suppurative, 258 
parenchymatous, 261 
whlyotenula, 28 ‘x syringe, 617 
(kp), 274, | Lymphangioma of conjunctiva, 217 
286, 301 . lids, 605 


anomalies of position of, 583 
diseases of, 577 

Light xenve, 76 

Lime burn, 426 















60 


Macnopsts, 8% 
‘Maoula Intoa, 10, 
Macuss of comes, 225, 
Madarosis 
Mavidox rock 304 








Mag 








0 Intermanginalis, 474 
anoie’s seissors, 470 

if, 
‘gland 


Megalo 
Moibom 
Meningo-en 
Metamorphopsi 
Metre angle. 52 
Microblepbarma, 600 
Microphthalmin, 355, 391, 606 
Micropsin, 3 
Miotios, 7 
Mirror 
Mibius’ sign, 98 
Mole, congenital, 2 
Moll 5 
Molluseum oon 
Mooren’s leer 
Moorfiold's bandage, 4 

cyetotomne, 16 

tenotoiny hook, #78 
Morax-Axonfeld diplobaciiies, 197 
Morgagninn cararact, 83 

plobulen” 328 
Mucooele, 614 
Males's operation, 481 
Musce yolitantes, 883, 960, 198 


Musolox, extrinsic, 517 



























sin, BOF 














futeiniaie 

Mother's, 576 
Mydrinsix. traumasio, 430 
Mydvintics, 13, 47 
Myopia, 44, 492 





Nnvos of conjanetiva, 21 
Hid, 04 

Nasal dovt, 609 
stricture of 





fuses, 630 
Nebata, 225 
Needle holder, 961 
jecxlling, 16H 








Nesiles, 
J, 203 
jon, 423. 








INDEX, 


Nophritls, 879 
Nerve, optic, anatomy ot, 10, 88 

dineises of, 34 

tumours of, 634 
Nervos, motor, tif, £20 
Nettleship’s dilator, 618 
Newritia, optic, 368, 378, 894, 

38 
rutrobulbar, 39 

Neurology of vision, 83 
Neuroma, plexiforai, 007 
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Projection of objects, 523 
false, 534 
Prolapse of ciliary body, 437 
iris, 227, 436 
vitreous, 438 
Proptosis, 625, 635 
Pseudoglioma, 413 
Pseudoneuritis, 397 
Pseudopterygium, 212 
Pterygium. 212 
Prosi, 539, 508 
trachomatous, 204, 598 
Pulsation of retinal vessels, 149, 
319 
Puncta lacrymalia, 608 
occlusion 
613 
Punctum proximum 59, 164 
remotum, 46 
Pupillary membrane, inflammatory, 
287, 292 
persistent, 306 
Pupil reactions, 71, 108 
Pupils, 66 
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innervation of, 68 
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Raptem, 605 
Range of accommodation, 61, 16¢ 
convergence, 537 
Reflection. 26 
Refraction, 30 
static, 43, 60 
dynamic, 60 
Repositor. iris, 240 
Retina, anatomy of, 9 
detachment of, 386 
diseases of, 3545 
examination of, 129 
injuries of, 434 
vascular disorders of, 369 
vessels of, 146 
operations on, 
Retinitin, $56, 387, 494 
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circinata, 383 
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Rodent ulcer of rornea, 257 
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orbital, 63% 
Scissors, de Weckor's, 280 
‘excision, 47) 
Mauunoir's, 470 
tenotomy. 477 
Scleral puncture, 399 
Seloritie, 270) 
Solereeing keratitia, 280 
Solarotic, diseases Of, 377 
examination of 
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Therapeutic notes, 644 
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* Ulcer of cornea, dendritic. 256 


fascicular, 249 

herpetic, 256, 258 

hypopyon, 241 

marginal, 251 
mycotic, 248 
perforating, 227 
“rodent,” 257 
serpiginous, 242 
trachomatous, 204, 
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lids, rodent, 605, 
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» Wire retractor 
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cornea, 
corneo-sclera, 436 
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Wound of Lids, 602 Yound-Ieimmoure theory, 80 
sclorotic, 435 
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Xantboma, 6b Seton's glands, $75, 581 
Xorophthalmia, 215 Zowulue cataract, 198 
Xeresis, 215 ‘opnelty of cornea, 268 
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